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FRODEX 


CORN SYRUP SOLIDS 


A distinct and unique contribution 
to the technology of ice cream manu- 
facturing since it was pioneered by 
American Maize some two decades 
ago, FRODEX (corn syrup solids) is 
still the corn sweetener most widely 
used by leading ice cream manufac- 
turers. 

Its many advantages for all types of 
ice creams, specialties, novelties and 
ice milk consistently mean better qual- 
ity, more economically produced. 
FRODEX substantially enhances flavor, 
adds smoothness, improves keeping 
qualities and builds the all-important 
total food solids content. 

The many uses and growing advan- 
tages of FRODEX are the result of con- 
tinuing research into fine products 
made from corn by American Maize- 
Products Company. 


























DID YOU KNOW that American 
Maize is one of the foremost 
manufacturers of lactic acid and 
lactates in the country? 

If you would like more infor- 


mation on FRODEX, please write. 


AMERICAN MAIZE 


PRODUCTS COMPANY 


250 PARK AVENUE e NEW YORK 17,N.Y. 
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Precision-made Kimble Glassware — standard in an exacting industry. 


KIMBLE DAIRY TEST WARE 


Made to make the most rigid tests of the industry 


Outstanding quality and assured accuracy have es- 
tablished Kimble Dairy Glassware as the recognized 
standard of the dairy industry—for test, analysis, 
and control. 

Kimble Dairy Glassware meets all federal and 
state requirements . . . passes the most rigid tests for 
accuracy and serviceability. It is made by skilled 
craftsmen who have devoted a lifetime to the crea- 
tion of precision scientific instruments. 

Kimble Dairy Glassware is distributed by leading 
dairy supply houses throughout the United States 
and Canada. 


New Free Catalog. It lists and 

describes the instruments needed 

for dairy products tests. Fill in 

and mail coupon now. 

| | Kimble Glass Company ‘ 
subsidiary of Owens-Illinois, Toledo 1, Ohio 








| Send Kimble Dairy Test Glassware Catalog K-56 
| Name 
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Federation Protests 
Butter Oil Proposal 


A U.S. Tariff Commission recommendation 
to the President on March 11 that butter oil 
imports be set at 1,800,000 pounds per year 
was being protested to the White House this 
month by the National Milk Producers Federa- 
tion. The annual quota would become effective 
July 1, with an interim quota from April 1 to 
June 30 of 450,000 pounds. The Federation 
stated : 

Butter oil imports at these figures would 
necessitate the government purchase of an 
additional 2,250,000 pounds of butter per 
year—a needless burden on the budget and 
one which would create further criticism 
of the price-support program. The Depart- 
ment of Agriculture, it was pointed out, 
had recommended the complete restriction 
of butter oil imports. 

The Federation became concerned with the 
butter oil situation last year when the product 
—classified for customs purposes as a butter 
substitute—began to be imported in substantial 
quantities in cireumvention of the intent of 
Section 22 of the Agricultural Adjustment Act. 
The Federation requested the Secretary of 
Agriculture to initiate action for import con- 
trols; the Secretary requested the President 
to ask for an investigation, and the Tariff Com- 
mission held hearings. The Commission’s rec- 
ommendation is subject to approval, disap- 
proval, or modification by the President. 


Cator Retires from Dean Milk Company; 
Corbett and Esmond 
Named Vice-Presidents 


Dean Milk Company, Franklin Park, IIl., 
has announced the retirement of Ciinton C. 
Cator, vice-president, effective March 1, 1957, 
and the election of Wittarp J. Corsetr and 
Ray Essonp to the positions of vice-president. 

Mr. Cator served with Dean Milk Company 
for 30 years. In 1939 he was elected to the 
Board of Directors and became a vice-president 
in 1940. He remains a member of the Board 
and continues to serve Dean Milk Company 
in a consulting capacity. 

Dr. Corbett has been with Dean Milk Com- 
pany since 1943 and is a member of the Board 
of Directors. Mr. Esmond has been with Dean 
Milk Company since 1929 and for the past 
several years has held the position of Fluid 
Milk Production Manager. 





Ohio State News 


“Personnel” was the topie diseussed at the 
March meetings of the four Ohio Dairy Tech- 
nology Societies. The speakers were G. E. 
Foxx, manager of industrial relations, West- 
inghouse Corporation, Lima, who spoke before 
the Maumee Valley Society; Ropert M. Myers, 
manager of industrial relations, Westinghouse 
Corporation, Cleveland, who spoke before the 
Cleveland Society, and E. Arter, personnel 
manager, Nationwide Insurance Company, Col- 
umbus, who spoke before the Central Ohio and 
Cincinnati Societies. 


News from Borden’s 

Record sales, earnings, and tonnage for the 
Borden Company in 1957 have been forecast 
by THroporE G. Montacusr, chairman, and 
Harotp W. Comrort, president. In the annual 
report released recently, they based their ex- 
pectation for the increase on an expanding 
economy, as well as the stepped-up activities 
within the company as part of its Centennial 
program. 

Sales in 1956, the report noted, were the 
highest in the company’s history. They totaled 
$876,987,184, an increase of 8.3 per cent over 
the previous high of $810,126,624, set in 1955. 
The volume of products handled last year was 
also the highest on record. 

Net income in 1956 was $23,602,746. This 
was nine per cent more than the $21,653,536 
in 1955. Earnings were $5.01 per share on 
the 4,707,000 shares outstanding Dee. 31, 
against $4.61 per share on 4,692,000 shares 
outstanding a year earlier. The rate of profit 
was 2.7 cents per dollar of sales, compared 
with a 20-year average of 2.9 cents. 

The increase in sales did not result in a pro- 
portionately larger increase in profits, because 
of declines in selling prices of some principal 
products without compensating decreases in 
costs; inereased promotional expenditures be- 
cause of wider coverage; greater competition 
and higher costs, and a greater outlay for re- 
search. The company completed its 58th year 
of uninterrupted dividend payments in 1956. 
Dividends totaled $2.80 per share, the same 
as in 1955. 

During 1956 the company began the largest 
research program in its history, the report said. 
Construction got under way on a $1,000,000 
Research and Development Center at Syracuse, 
N. Y., where all phases of product development 
and improvement will be carried out. Several 
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INSTANT LIQUID STABILIZER 


changes ice cream manufacturing overnight! 





Ice cream manufacturers—and especially 
HTST users—are marvelling at the revo- 
lutionary new Instant Liquid Stabilizer 
that pours! Developed by American Food 
Laboratories from time-tested, proven 
stabilizing ingredients with no loss of sta- 
bilizing strength, I.L.S.* is poured into a 
cold mix...without being pre-mixed with 
suger or anything else...and hydrates 
instantly, to produce the smoothest and 
best-tasting ice cream ever! Yes, I.L.S. is 
the fastest — the easiest — the most eco- 
nomical stabilizer in the world! No ice 
cream manufacturer can afford to be 
without it from now on. It should be in 





your plant. Is it? 


“Registered trademork for American Food Laborotories’ Look! It’s liquid! It pours! 


Instant Liquid Stabilizer. Product and AMFOLAB process: 
Patents Pending. 


IL. S.... what it is... what it.has ... what it does! 





1.L.S. is poured into cold mix! 1.L.$. produces smooth ice cream with desirable melt-down! 
1.L.S. hydrates instantly ! 1.L.S. protects body and texture 

1.L.S. goes into colloidal solution even in a cold mix! when ice cream is stored in hardening rooms 

§.L.S. does not have to be pre-mixed and dispensing cabinets for a long time! 

with sugar... or anything else! 1.L.$. is available in many concentrations... use from 
1.1.5. is activated in a few seconds! 0.3% to as little as 0.14% depending on type! 
1.L.S. never breaks down at high temperatures! 1.1.5. comes in custom-made blends... 

1.L.S. is essential for High Temperature Systems! in any combination of specific ingredients you are 
1.L.S. eliminates burn-on on walls, heating coils, and tubes! now using...to give you any type body or texture you 
1.L.$. is ideal for Pan Operations! want...thanks to our exctusive AMFOLAB process! 
1.1L. S. eliminates stabilizer lumps! 1.L.S. can be packed in exact pre-weighed 

1.L.S. allows fast heat transfer! amounts for any size batch! 

1.L.S. provides full utilization of stabilizer! 1.L.S. is available in specific types 

1.L.S. eliminates undissolved stabilizer in mix vat or screen! —_ for sherbets, water ices, and novelties! 

1.L.S. provides low viscosity over cooler! 1.L.S. is perfect for dietetic products... 

1.L.S. freezes and whips fast to desired over-run! because it contains no sugars! 

§.L.S. can be added at the UNIVAT to improve fruit 1.L.S. is an economical stabilizer because 

and other types of ice cream mixes! it eliminates many hidden costs! 


For more information, send for our Technical Reference Sheets and data on actual plant uses 


If you want a plant demonstration, write to 


iq AMERICAN FOOD LABORATORIES nc 


1000 Stanley Avenué, Brooklyn 8, N. Y 
1442 Flower Street, Glendale 1, California * Philadelphia * Baltimore ° 
















JOURNAL OF DAIRY SCIENCE 





our services. 


To our host of customers and 
friends we say “thank you” for 
the business and goodwill which 
has contributed so richly to our 
growth and the expansion of 


KLENZADE 


ANNIVERSARY HIGHLIGHTS 


ilomilion: 2 


teaming 


KLENZ-SPRAY UNITS 


for storage tanks. The 
most practical and perfect- 
ly engineered cleaning 
system yet developed. 
Custom-designed for each 
individual installation, An 
outstanding Klenzade 
“first.” 


SPRAY ARMS 


Job-engineered for auto- — 


mation pan and evapo- 
rator cleaning. Pan re- 
mains inoperative through- 
out cleaning cycle thus 
saving operator's time and 
eliminating “burn-on" of 
cleaning solution. 





ROTOR-JET 
for cleaning bulk pick-up 
tanks. Does a thorough 
cleaning job in only min- 
utes per tank. Complete- 
ly automatic or, without 
program timer, for manual 


control. 


“FIRST IN 





CIP CLEANING 


Re-Circulating unit for 
cleaning high temperature 


equipment and other — 


cleaned-in-place opera- 
tions with automatic tem 
perature control. Portable 
solution tank with pump 
and convenient connec- 
tions. Also available for 
permanent installation. 


CLEANING CHEMICALS”’ 









technical service laboratories for chemical prod- 
ucts were established. An Executive Research 
Committee, with Mr. Comfort as chairman, was 
organized “to encourage the research activities 
of the entire Company.” 


During 1956 the company expanded its phys- 
ieal facilities by about $23,800,000. The pro- 
gram was financed by $13,600,000 in deprecia- 
tion aceruals, and $4,400,000 from working 
capital. Facilities with a value of about $5,800,- 
000, principally motor vehicles and refrig- 
erated cabinets, were obtained under leasing 
arrangements. In 1957, physical facilities will 
be expanded and modernized to the extent of 
about $28,300,000. 


A new ice cream plant at Columbus, O., 
and Borden’s first polyvinyl chloride resin 
plant, Leominster, Mass., went into operation 
last year. During 1957, the company will com- 
plete new fluid milk plants at Abilene, Tex., 
and Jackson, Miss.; and construction will get 
under way on milk, ice cream, or combination 
milk_ice cream plants at Beaumont and Am- 
arillo, Tex., Baton Rouge, La., Orlando, Fla., 
Syracuse, N. Y., and Pittsburgh, Pa. Formal- 
dehyde plants at Kent, Wash., and Fayette- 
ville, N. C., and a synthetie resins plant in the 
Philippines, also will open in 1957. 


Completed Theses 

M.S. Degree 

Haruey D. HarHaway—The effect of concen- 
tration uptake at calving time on _ physio- 
logical activities with special emphasis on 
ketosis. The Ohio State Univ., Columbus. 

D. C. Vert—Milk fat control in Ohio dairy 
plants. The Ohio State Univ., Columbus. 


Ph.D. Degree 

R. A. Retsre.p—A study of the caleium-bind- 
ing properties of whole casein, alpha-casein, 
and beta-casein. The Ohio State Univ., Col- 
umbus. 


Penn State News 


Jouy O. Atmquist, head of the Dairy Breed- 
ing Research Center, spent most of last sum- 
mer in Europe, giving papers at the Inter- 
national Congress on Animal Reproduction in 
England and visiting universities and artificial 
breeding associations in Great Britain, Nor- 
way, Sweden, The Netherlands, France, Switz- 
erland, and Italy. 

Howarp W. THOELE, who has served as a 
dairy specialist in extension work for the past 
two years, has transferred to the resident in- 
struction staffi in Dairy Science. He will teach 
and do research in breeding, selection, and 
judging of dairy cattle. Dr. Thoele received 
all of his scientifie training at the Univ. of 
Minnesota, St. Paul. 
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150 VEARS oF PUBLISHING 





LOOKING FORWARD 


Robert Fulton’s marvelous steamboat 
fired the minds of forward-looking men 
when she churned up the Hudson 

in 1807. 


To the House of Wiley, founded that same year, 
the Clermont’s voyage opened up 
a new and exciting frontier in publishing. 


If America were to exploit her new industrial age, 
pioneering books would have to be provided. 

It is this demand — greater in 1957 than ever — 
that Wiley has been meeting successfully 

for one hundred and fifty years. 


Today, the Clermont’s atom-powered granddaughter 
slips through the seas... 

the scientific community continues to expand... 
and, planning for the future, 


John Wiley & Sons looks forward to publishing 
an ever-greater number of distinguished books 
in all areas of pure and applied science. 





JOHN WILEY & SONS, Inc. 
440 Fourth Avenue, New York 16, N. Y. 
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Stvart Patron, a staff member in dairy 
science research, was recently honored by the 
American Chemical Society with the Borden 
Award in Dairy Chemistry for 1957, at the 
Miami, Fla., meetings. 


Howarp W. Hawk, 7°51 dairy production 
graduate, completed his Ph.D. program at the 
Univ. of Wisconsin, Madison, and recently has 
aecepted a position as physiologist at the Dairy 
Husbandry Research Branch, USDA, Beltsville, 
Md. 

Pact S. WiiuraMs, a long-time member of 
the dairy production staff, is presently en- 
joying a well-earned sabbatical leave (first one 
in 36 years). Paul expects to tour the ecoun- 
try by ear and trailer, to visit some 25 colleges 
and experiment stations. 


Ek. A. Day is now at the Univ. of Maryland, 
College Park, his Alma Mater, as a member 
of the Dairy Dept.’s staff in dairy manufactur- 
ing. He received his Ph.D. from Penn State in 
1956. 


Dairy Price-Support Purchases 


Dairy price-support purchases in February 
amounted to 10,061,996 pounds of butter, or 
approximately 3.2 million pounds less than in 
the same month last year. The CCC sold an 
additional 197,652 pounds of butter for ecom- 
mercial export, making the total in this elassi- 
fication since June, 1954, 30,823,548 pounds. 
USDA also reported sales of 100,874 pounds of 
Government butter for restrictive use of ex- 
tending cocoa butter—sales for this use now 
total 6,501,220 pounds. 


News from Louisiana State 


Dairy quality control was the theme of the 
annual Dairy Technology Short Course at 
Louisiana State Univ., Baton Rouge, March 
11-12. Quality control men from dairy plants 
in all parts of the state, together with represen- 
tatives from the State Board of Health, at- 
tended the course. A. J. Geri, Jr. presided 
as general chairman. 

In-place cleaning of dairy plant equipment, 
beeause of its growing popularity, took first 
place in point of interest among the subjects 
diseussed and demonstrated. Practical tests— 
chemical, physical and bacterial—were given a 
lot of attention during the session. On the pro- 
gram, besides faculty members, were two guest 
speakers, J. W. Goopart, The Borden Com- 
pany, and C. A. ABELE, Diversey Corporation. 
On the second day, a luncheon was sponsored 
by local dairy plants for the dairymen, faculty, 
and guests. 

That this the best short course 


was ever 


offered by the Dairy Dept., mainly because 


the whole program centered on the one main 
topic, was the unanimous opinion of those who 
attended. 


Recent Deaths 


A. Letanp Beam, for 40 years a member of 
the dairy production staff at Pennsylvania 
State Univ., University Park, died in March 
at his home, after a long illness. In addition 
to long service with the dairy production staff, 
Mr. Beam had been Director of Short Courses 
for the College of Agriculture. 


Rosert E. Jones, 68, publisher of the West- 
ern Dairy Foods Review, died suddenly of a 
heart attack February 9 at Berkeley, Cali- 
fornia. 

His early training was in the newspaper 
business, and during his career he was editor, 
publisher, author, industry sales manager, as- 
sociation manager, and a specialist in public 
relations. In 1956, he went to Spain with a 
dairy exhibit installed by the United States 
Ottice of Information at the Barcelona Trade 
Fair. 

Mr. Jones is survived by his widow, Mrs. 
Apa B. Jones, Berkeley, California, two sons, 
and a daughter. 


MSU Will Conduct Feed Symposium 


A National Symposium on “The Nutritional 
and Economic Aspects of Feed Utilization by 
Dairy Cows” will be held at Michigan State 
Univ., East Lansing, May 23, 24, and 25, 1957. 
The Depts. of Dairy Husbandry and Agrieul- 
tural Economics at Michigan State Univ. will 
sponsor the symposium. 

Purpose of the meeting is to provide better 
understanding between the dairymen and the 
economists, as well as other people who are 
working in this area. The ultimate aim of the 
proposed symposium is to stimulate an ex- 
change of ideas, with the hope that more co- 
operative research throughout the country will 
be forthcoming. 

The symposium is divided into five major 
areas: (1) Framework for the Symposium; 
(2) Adequacy of Dairy Feeding Input-Output 
Research Data; (3) Nutritional Consideration; 
(4) Designing Feeding Experiments, and (5) 
Application of Dairy Feeding Efficiency Re- 
search Data. 

Twenty-five of the leading researchers from 
throughout the United States will participate. 


Land-Grant Colleges Lack 
Sufficient Number of Ag Grads 


Although there are fewer farmers every year, 
jobs relating to agriculture are multiplying, 
and land-grant colleges will fall short this 
year in number of graduates sufficient to fill 
the current demand. 
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yes, there ts a difference in 
FILTER DISKS MT 


Of course there’s a difference in filter disks. 
Chances are it’s not a difference you can see... 
like the thickness or the surface of the disk, 

or even the color of the box. 











It’s what you don’t see that makes the real 
difference . . . safe filtration, for instance, 
engineered into every Rapid-Flo Fibre-Bonded 
Filter Disk by Johnson & Johnson. And only 
Rapid-Flo milk filters provide a reliable Rapid-Flo 
Check-up for Mastitis and Extraneous Matter .. . 
at no extra cost. 


The final proof of this difference in filter disks is 
found on the farms of thousands and thousands 

of quality-minded dairymen who have made 
Rapid-Flo Fibre-Bonded Filter Disks the preferred 
filter disk 2 to 1 over the next four 

brands combined. 





Yes, like all Johnson & Johnson products. . . each 
outstanding in its field . . . Rapid-Flo Fibre-Bonded 
Filter Disks give proven quality and reliable 
performance. For safe filtration and effective 
Rapid-Flo Check-ups, always recommend genuine 
Rapid-Flo Fibre-Bonded Filter Disks. 




























































































QUALITY =EFFICIENT PRODUCTION 
The Key to @ Strong, Prosperous FILTER PRODUCTS DIVISION 
Oeiry Industry 
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Information prepared for The Occupational 
Handbook—scheduled for government publica- 
tion this summer—shows that land-grant col- 
leges and universities expect to supply 8,500 
graduates in agricultural fields in 1957. (There 
are openings for 15,000.) These include 2,000 
jobs in actual farming and ranching; 1,000 in 
agricultural research; 3,000 each in industry, 
business, and education; 500 in communiea- 
tions; 1,000 in conservation, and 1,500 in farm 
services. 

Among the specifie openings listed are agri- 
cultural service workers and voca- 
tional agricultural teachers; economists,  fi- 
nance workers and engineers, soil scientists 
and conservationists. Men also are needed to 
inspect, grade, and market farm products and 
to work with agencies preventing spread of 
plant pests, animal parasites and diseases. 


extension 


National Milk Producers to 
Meet in Hartford 


The fifth regional meeting of members of 
the National Milk Producers Federation will 
be held in Hartford, Conn., on April 26. 

Dairy farmers and cooperative leaders from 
the New England and surrounding states are 
invited to the one-day meeting, to be held at 


the Hotel Statler. Discussions are planned 
covering pending national farm legislation, 


price-support programs, federal orders, pro- 


duction and sales outlook, and other subjects 
vital to the interest of the dairy farmer. 

Guest speakers from the USDA planning 
to attend the meeting are H. L. Forest, di- 
rector of the dairy division, Agricultural Mar- 
keting Service; Hartan J. Emery, chief of the 
program analysis branch of Commodity Sta- 
bilization Service dairy division, and HErBeErr 
C. Krieset, head of the Agricultural Mar- 
keting Service dairy section, statistical and 
historical research branch. 

Federation officials scheduled to participate 
are E. M. Norron, secretary, and J. P. Mason, 
economist. 


Conference on Bulk Milk Handling 
to Be Held May 13-14 in Michigan 


The National Conference on Bulk Milk Han- 
dling will be held May 13-14 at Michigan State 
Univ., East Lansing, under the joint sponsor- 
ship of the Depts. of Agricultural Engineering 
and Dairy Husbandry in cooperation with indus- 
try and federal and state governmental agencies. 

During the two-day conference, the following 
topies will be discussed: Why Bulk Milk Han- 
dling?; Shifting from Cans to Bulk; Methods 
of Financing; The Dairy Producer and Bulk 
Tanks; Selecting the Tank; Frequency of Bulk 
Milk Piek-Up; Installation of the Bulk Milk 
Tank; Gauging and Testing Tanks; Pipeline 
Handling of Milk; 3-A Standards for the Tank 





Whether you need 











L_-. a BABCOCK 
BOTTLE 
WASHER 


an ACID 





or COMPOSITE 
SAMPLE 
BOTTLES 


BOTTLE 
TRUNNION 


or any other modern laboratory equipment... 
you'll find, at Mojonnier, a wide selection of the finest 
testing apparatus, chemicals and supplies. Mojonnier 
precision equipment is designed to give you the accurate results 
you need to run quality control checks and speed up 
your analytical and general laboratory work. 


Write today for Bulletin 312-9 


QUALITY 


MOJONNIER BROS. CO., 4601 W. OHIO ST., CHICAGO 44, ILLINOIS 


LABORATORY EQUIPMENT 





TT 
YOU CAN 1RUS* 


and SUPPLIES 
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IT MAY ASSIST YOU... 
to be familiar with one of 
the best known acid cleansers 
in America...PENNCLEAN. 
PENNCLEAN removes milkstone 
rapidly, at low cost! This ad, 
directed to milk producers, 
tells the story. For additional 
information please write... 
you'll receive descriptive 


literature without obligation. 


— 








good-bye 
milkstone 


oood-hye..., 
_PENNCLEAN ; 





... With PENNCLEAN, you get 


WIDE USE... flush, circulation, soak, spot. . . 
it’s best for all dairy equipment! 

QUICK ACTION ... special wetting agent in PENNCLEAN cuts 
cleaning and rinsing time! 

SAFE ON METALS... precise acid percentage means effective clean- 
ing without equipment discoloration. 

RELIABLE... PENNCLEAN is ini wide uge, on,every type of dairy 
and dairy dure . .. for cleaning ail equipment. 


anyway you use it, 


| PENNCLEAN... 
the modern 
acid cleanser 


For your free booklet write Pe nnsa it 
Dept. 400, Pennsylvania Salt p 

Mfg. Company, Three Penn Chemicals 
Center, Philadelphia 2, Pa. 
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and Tanker; Factors to Consider in Tanker 
Selection; Advantages and Disadvantages of 
Company-Owned Versus Contract Hauling; 
Sanitation and Cleaning of Tank and Tanker; 
Regulation of Haulers of Milk; Bulk Handling 
and Its Effeet on Plant Operation; Responsi- 
bilities of Plant Management and Fieldmen, 
and Does Bulk Milk Handling Fit into Dairy 
Farm Operations? 

Members of the national planning committee 
are D. B. FALcoNner, vice-president, Detroit 
Creamery, Detroit, Mich.; L. C. PreckHam, 
Milk and Food Program, U.S. Dept. of Health, 
Edueation, and Welfare, Chicago, Ill.; J. E. 
BuLLIs, assistant vice-president, Carnation 
Company, Los Angeles, Calif.; C. O. Davis, 
editor-manager, Milk Plant Monthly, Kansas 
City, Mo.; F. M. Sxiver, chief, Dairy Division, 
Michigan Dept. of Agriculture, Lansing; D. L. 
Murray, Dairy Dept., Michigan State Univ., 
East Lansing, and C. W. Haru, M.S. U. Agri- 
cultural Engineering Dept. 


Milk Shipment Meeting Held at Memphis 


The Sixth National Conference on Inter- 
state Milk Shipments was held April 23-25 at 
Memphis, Tenn. 

The conference was highlighted by discussion 
of the following topies: Status of Use of the 
Program of Conference Agreements in Inter- 
state Shipments of Milk; Report on the Ful- 
fillment of Public Health Service Responsibil- 
ities Assigned by the Conference; Problems 
Within the Interstate Conference Agreements; 
Consideration of Conference Agreements by 
Task Forees on Regulations and Supervision, 
Certification Procedures, Utilization of Con- 
ference Policies, Channeling Information, and 
Laboratory Certification Procedures. 


Did You Help? 


The American Dairy Science Association 
membership campaign for 1957 is in its final 
phase. The goal of 2,200 members for this 
year is almost in sight. However, a few more 
membership prospects, and a few more mem- 
bers enrolled, are needed before our goal will 
be achieved. Have you done your part in this 
campaign? Did you suggest a membership 
prospect ? 

Too often we take things for granted. At 
a recent meeting of dairy leaders, we were 
surprised to learn through just casual conver- 
sation that two of the prominent leaders pres- 
ent were not members of the Association. Their 
memberships are now in the mail. Maybe you 
have had a similar experience. At the next 
dairy meeting or conference you attend, find 
out if the persons sitting to your right and 
left are members of, or would qualify for mem- 
bership in, the American Dairy Science Asso- 
ciation. They may become the members needed 
to reach our goal in 1957. 


When you have the name and address of a 
prospective member, send them to the chairman 
of the Dairy Science Department of your State 
Agricultural College. This information will, 
in turn, be forwarded to the appropriate mem- 
bership committee representative for action. 

It should not be difficult to achieve, or even 
surpass, our membership goal if each member 
of the Association helps. If every member will 
suggest a member, the task should be finished 
within a short time. An adequate Association 
membership is a problem of great concern to 
each of us interested in the welfare and prog- 
ress of the Dairy Industry. Did you help in 
the solution of this problem? 


Harotp E. Catpert, Chairman 
Membership Committee 


Hoekstra Receives Award 


Wituiam GeEorGE Hoekstra, assistant pro- 
fessor of biochemistry at the Univ. of Wisconsin, 
Madison, has been awarded a Merck Senior 
Postdoctoral Fellowship in the Natural Sciences 
for the academic year 1957-58. This fellowship, 
sponsored by Merek and Company, Ine., is ad- 
ministered by the National Academy of Sci- 
ences—National Research Council. 

Dr. Hoekstra, who was born in Golden, Colo- 
rado, received the B.S. degree in 1950 from 
Colorado A&M; the M.S. and Ph.D. from 
the University of Wisconsin in 1952 and 1954, 
respectively. 

Dr. Hoekstra plans to work on the metab- 
olism and possible site of action of estrogenic 
compounds through the use of radioactive iso- 
topes, and will carry out his research in the 
Isotope Section of the National Institute for 
Research in Dairying in Shinfield, England, 
under the direction of Dr. R. F. Glaseock, an 
authority in this field. 


Editorial 


P. A. Wetts and his group conducted for 
the second year a suecessful Research Con- 
ference on Milk Concentrates at the Eastern 
Utilization Research Branch, USDA, in Phila- 
delphia, March 19-20. 

Topies of a timely nature were discussed 
on the new phases of fundamental research 
which had a direct bearing on basie problems 
confronting the dairy industry. 

Besides Dr. Wells, C. A. Zirrie, M. J. Pat- 
LANSCH, D. Swern, N. C. Acero, and L. F. 
EpDMUNDSEN of the Eastern Regional Labora- 
tory, participated in the conference. H. E. 
CALBERT, Univ. of Wisconsin, Madison, dis- 
eussed “Innovations in Improving Fresh Milk 
Concentrates”; and Leon TumMERMAN discussed 
recent developments in “Frozen Concentrated 
Milk.” 

Dr. Wells and his group did a real service 
to the dairy industry by sponsoring this con- 
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Your “future” mix system is ready for you today! 


THE NEW SY EE 


MIX PROCESSING SYSTEM 


The installation pictured above introduces an en- 
tirely new CP process that we believe forecasts 
the future, in its more economical and efficient 
mix processing. 

Among its immediate benefits, it enables you to 

reduce stabilizer use up to 50% 

achieve better, uniform year ’round flavor control 

improve the body and texture of your ice cream 

In addition it saves refrigeration, water and 
steam through efficient regeneration and lends 
itself to labor-saving CIP cleaning. 

It is a completely engineered system that in- 
cludes such innovations as the new CP Swept 


THE Ce . 
Factage 


MFG. COMPANY 


General and Export Offices: 
1243 W. Washington Bivd., Chicago 7, Ill. 





Surface Heat Exchanger that provides ultra- 
HTST final heating to 220°F. or even higher, and 
a CP Vac-Heat Vaporizing Cylinder that assures 
uniform flavor. 


Here is THE continuous mix-pasteurizing sys- 
tem expressly designed to give you a better 
product at lower processing cost. (Incidentally, it 
is equally adaptable to a variety of products other 
than mix.) 


There’s so much more to this story than space 
permits us to tell here, why not get it complete 
from your CP Representative? Or write us for 
detailed information. 


Branches: Atlanta @ Boston @ Buffalo @ Charlotte 

Chicago @ Dallas e Denver @ Houston @ Kansas City, Mo. 

Los Angeles © Memphis @ Minneapolis ¢ Nashville ¢ New 

York © Omaha e Philadelphia @ Portland, Ore. @ St. 

Louis @ Salt Lake City ¢ San Francisco @ Seattle ¢ Toledo 
Waterloo, lowa 


CREAMERY PACKAGE MFG. CO. OF CANADA LTD. 
267 KING STREET, WEST TORONTO 28, ONTARIO 
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HIGH QUALITY SINCE 1878 


Cheese Rennet and Color 
Cottage Cheese Coagulator 
Annatto Butter Color 
Dandelion Butter Color 
Certified Butter Color 
Starter Distillate 

ice Cream Color 

Dri-Vac Lactic Culture 
Culture Flasks 

Culture Cabinets 

Testing Solutions 

Odorless Type Dairy Fly Spray 


+ + + + + tt eK OF 


Write for Literature 


CHR. HANSEN’S LABORATORY, INC. 


MILWAUKEE 14, WISCONSIN 








Because of you 


we’ve developed chocolate-mak- 
ing into a science as well as an 
art. For we combine the know- 
how of years with the finest of 
testing equipment to make cer- 
tain our chocolate lives up to 
your demands. We check fine- 
ness, viscosity, flavor, quality— 
every step of the way. 























For you, that means the differ- 
ence between ordinary ice cream 
products and products with 
“buy” appeal. 











WILBUR-SUCHARD 
CHOCOLATE CO., INC. 


Lititz, Pa. « Madison 6-2154 














ference, which dealt with problems at the fy 
tiers of learning. The specialized nature of t 
program appealed to experiment station 7 
commercial research laboratory workers, 

The organization and content of this py 
gram could well serve as a pattern of plany 
performance for Dairy Departments over { 
nation to follow, and for the program cog 
mittee of the manufacturing section for { 
annual meeting of A.D.S.A.—E. O. Ph 


Tjepkema Joins M & R Dietetic Labs| 


Roy TsepKEMA has joined the staff of { 
Research Dept. of M & R Dietetie Laborator; 
Ine., Columbus, O. Mr. Tjepkema graduat 
in dairy technology from the Univ. of Wise 
sin, Madison, in 1952, and holds an M.S. degy 
from the same institution. 


Salisbury to Attend Italian Meeting 


G. W. Sauissvry, head of the Dept. of Dai 
Science, Univ. of Illinois, Urbana, left 4 
Milan, Italy on April 21 to take part 
the celebration of the 20th Anniversary of { 
founding of the Italian Experimental Inj 
tute “L. Spallanzani” in Milan, April 23. 
1957. 

The Institute is named after Lazaro Sy 
lanzani, a famous 18th century Italian biolog 
Under the direction of Professor T. Bonadon 
the Institute has been the center of Ital 
studies in mammalian reproduction and a 
ficial insemination. 

Dr. Salisbury is to take part in a symposi 
of scientists from the Western European co 
tries, Canada, and the United States, deal 
with the physiology and metabolism of md 
malian germ cells. 


New Score Card Available from USD 


A revision of the Dairy Farm Score a 
which was developed several years ago by 
A.D.S.A. and the USDA has now been ej 
pleted and has been printed by the Dairy H 
bandry Research Branch of the USDA. 


Copies of the revised score card, “D 
Farm Sanitation Report,” a “Report ” 
Regulatory Advisory Committee of A.D.S.J 
and an “Interpretation of Items” are all avg 
able in limited quantities from the USD 
Agricultural Research Service, Dairy Husbat 
ry Branch, Beltsville, Md. 








Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Tox: 
cology—Insecticide Testing and Screening. 
Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 
P.O. Box 2217-X, Madison 1, Wisconsin 
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Where research demonstrates 
there is a difference in phosphates 


e Behind these doors at Interna- 
tional’s laboratories, round-the- 
clock research demonstrates impor- 
tant differences in the nutritional 
power of feed phosphorus products. 

Today, as during the past two 
decades, this research is part of 
International’s continuing effort to 
boost the effectiveness of feed phos- 
phorus products. 

This coordinated effort has taken 
Internationai into many fields of re- 
search seldom frequented by feed 
phosphorus producers. 

It has answered many questions 
surrounding the role of phosphorus 


INTERNATIONAL MINERALS 


in animal nutrition — and soundly 
demonstrated significant differences 
in the biological availability of pres- 
ent-day feed phosphorus products. 

To those who manufacture feed 

. . as to livestock and poultry pro- 
ducers . . . this is important in terms 
of feed performance. It has led to 
the development of new feed phos- 
phorus products which are 2 to 4 
times more effective nutritionally 
than some sources previously used. 

These products now provide the 
feed industry with “harder working” 
phosphorus to meet the stepped-up 
needs of poultry and livestock today. 





& CHEMICAL CORPORATION 
General Offices: 20 North Wacker Drive, Chicago 6 











STUDENT CHAPTER NEWS 


A section devoted to the activities of dairy students 
E. L. THomas, Editor 


Cornell Dairy Students Assist with 
Cottage Cheese Clinic 


F. V. Kostkowsk1, with the aid of the 
Cornell Dairy Science Association and the 
cheese manufacturing class (which, incidentally, 
was made up entirely of club members), spon- 
sored a Cottage Cheese Clinie in November of 
1956. 

Some of the major advances of cottage cheese 
technology were discussed, including new meth- 
ods for cottage cheese manufacture and a new 
formula for determining cottage cheese yield. 
There was a review of the problems inherent 
in quality control and merchandising of this 
type of cheese. 

Two guest speakers on the two-day program 
were Erik Lunpstepr, Consultant and Tech- 
nical Advisor for H. P. Hood & Sons, Boston, 
and C. B. Lane, Manager and Research Di- 
rector, Breakstone Brothers Company, Walton, 
N.Y. The equipment for demonstrations was 





In this picture, Dr. F. V. Kosikowski holds a 
cheese knife, preparing to cut a vat of cottage 
cheese curd. Two students, Joseph Mathis (beside 
Kosikowski) and Donald Henry (in the fore- 
ground) are assisting. 


lent by the Cherry-Burrell Corporation, United 
Metal Seal Company, and the Grace Machin- 
ery Company. 

In the evening, the Dairy Science Club held 
a smoker for the men; refreshments consisted 
of a cheese board made up of twelve varieties 
of imported foreign cheeses. 


Highlights of Kansas State College 
Dairy Club Activities 
Service projects and activities have kept the 
Kansas State College Dairy Club busy this 


year, and more are planned for the spring 
semester. The Club held a “steak-fry” early 
in the fall for members, their friends, and the 
faculty, to furnish an opportunity for new stu- 
dents to become acquainted. 


One of the purposes of the club is to be 
of service to the Dairy Department and dairy 
farmers of the state. With this in mind, the 
members provided lunch for visitors to the 
campus during the Kansas Artificial Breeding 
Service Unit Open House, Dairy Days at Farm 
and Home Week. and the annual Formula Feed 
Conference. 

Club members were impressed with the sue- 
cess of the First Annual Dairy Club Banquet. 
It is hoped to make it an annual affair. This 
year, the honored guest was Dean C. W. Mut- 
LEN, long-time Assistant Dean, counselor, and 
friend of students in the School of Agriculture. 


Another highlight of this semester will be 
the 29th Annual Little American Royal, a fit- 
ting and showing contest sponsored jointly by 
the. Dairy Club and Block and Bridle Club. 
Later this spring, the Club will sponsor the 
college and FFA State Dairy Judging Con- 
tests. The year’s activities will be climaxed 
at the spring “steak-fry,”’ and members will 
be looking forward to summer vacation. 


Minnesota Holds Winter Judging Contests 


Again this year, four professional student 
clubs joined hands in sponsoring the annual 
Winter Judging Contests on the St. Paul cam- 
pus of the Univ. of Minnesota. These contests, 
held over a three-week period, were sponsored 
by the elubs in the Animal Husbandry, Dairy, 
Poultry, and Agronomy departments. Winners 
were presented awards at a chicken barbecue 
sponsored by the Poultry Science Club on 
Februrary 14. Evron KLAUSTERMEIER, a soph- 
omore in Dairy Husbandry, was named top 
judge among those participating in all con- 
tests. He was also top over-all judge in Dairy 
Cattle and Dairy Products judging. Awards in 
the form of trophies and other appropriate ob- 
jects were donated by various trade associations, 
concerns, and individuals representing the fields 
served by the participating departments. Also 
honored at this year’s Awards Program were 
members of the 1956, 1946, 1936, and 1926 
judging teams. 


At its March meeting, the Dairy Science 
Club heard an interesting and informative dis- 
cussion by W. E. Petersen, regarding research 
on “Protective Milk.” 
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“OFFICIAL WORLD'S RECORD” FAT PRODUCER HAS 
ALWAYS BEEN MILKED WITH A DE LAVAL MILKER,” 


writes: R. B. McLAUGHLIN, owner of 
Haven Hill Crescent Gewina Count. 
*1523.0-Ibs. FAT 38,878-Ibs. of 3.9% MILK 








“Our record-breaking cow, Haven Hill Cres- 
cent Gewina Count, has always been milked 
with a De Laval Milker (Magnetic). We 
never have mechanical trouble with our 
units, nor has there been any udder damage. 


Probably the best testimonial I can give for 
the De Laval is that the udder of this great 
cow has retained the same shape, and is as 
soft and pliable as when she was a two year 
old. Moreover the entire mammary system 
was Officially classified “‘Excellent” last Feb- 
ruary. During her life she has probably been 
milked by from 25 to 30 men, who with all 
their individual traits, made no apparent dif- 
ference since the actual work was done by 
the De Laval unit.” 


DE LAVAL 


SEPARATOR COMPANY 


R. B. McLAUGHLIN also writes: “RECENTLY WE INSTALLED A DE LAVAL 
COMBINE MILKER’ ALONG WITH A DE LAVAL BULK COOLER, 
WHICH WE BELIEVE WILL HELP US CONTINUE TO PRODUCE 
HIGH QUALITY MILK WITH GREATER 
SAVINGS THROUGH LESS TIME AND 
— — ‘ 
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END FLOATING CURD 
& HIGH GAS 
IN COTTAGE CHEESE 


Use Flav-O-Lac 
Flakes Cheese Blend 
No. 5 for dependa- 
ble, uniform flavor 
—trouble-free pro- 


duction. 


WRITE FOR 
INFORMATION: 





THE 
DAIRY 
LABORATORIES 


2300 LOCUST STREET, PHILADELPHIA 3, PA. 








1942 


1943 t 
1944 


79 


” } ' MORE ICE CREAM 
; STABILIZED WITH 


DARILOIDand 
DRICOID 


1951 than with any other 
stabilizer or 
stabilizer-emulsifier 


WHY? 


Because versatile Kelco 
stabilizers fulfill all re- 
quirements, even highly 
specialized. What more 
absolute proof of Kelco 
stabilizers’ unmatched 
merit and versatility 
than their leading posi- 
tion year after year. 


or all these years 





1949 


1950 


1952 










1953 


1956 









PRODUCTS OF 
KELCO COMPANY 


120 Broodwoy, New York 5, N.Y 
20 N. Wacker Drive, Chicago 6, Il 
530 W. 6th St., Los Angeles 14, Colif 





Coble Address: Kelcoolgin—New York 








| Mississippi State Has Huffman as Speaker 
| 

| The Mississippi State Dairy Club, a Student 
| Affiliate Chapter of the A.D.S.A., held its an- 
nual student and alumni banquet in January 
in the Blue Room of the College Grill. Many 
former students returned for the oceasion. Each 
senior student was called upon to introduce 
another member of his elass, which brought 
forth many humorous situations not too gen- 
erally known previously. 

Featured in the program was the presenta- 
tion of awards. The $300 Borden Award was 
presented to James G. Hamityt, by W. E. 
Scumipt of the Borden Food Products Com- 
pany. Mr. Hamill was the recipient also of the 
Ralston-Purina Scholarship. The Higgins 
Awards, consisting of a $200 and a $100 sehol- 
arship, were presented to C. E. MANNING and 
James W. Rowzee by JoHN BETTERSWORTH. 

The guest speaker for the evening was C. F. 
HvurrMman, Michigan State Univ., East Lansing, 
president of A.D.S.A., who had participated 
in the Dairy Fieldmen’s Short Course. Dr. 
Huffman made a very informative talk on op- 
portunities for the dairy graduate, as well as 
on the activities of the A.D.S.A. 


Active North Carolina State College 
Club Joins with A.D.S.A. 


The Dairy Science Club at N. C. State Col- 
lege has just recently become a student chapter 
of the A.D.S.A. It had, however, been very 
active prior to joining the parent organiza- 
tion. All of its activities are carried out in 
conjunction with the Animal Industry Club, 
which is composed of members from both the 
Dairy Science and Block and Bridle Clubs. 

The biggest undertakings came during State 
Fair in October, 1956. The Club members 
showed livestock from the State College herds 
and operated the new dairy bar on the State 
Fairgrounds. The Club won premium breeder 
in the Holstein show and premium exhibitor 
in the Ayrshire show. 

Close contact is maintained between the Club 
and the livestock men of North Carolina by 
holding several barbecues at livestock meetings 
on the campus. On October 17, the Club pro- 
vided a free barbecue for all breeders exhibit- 
ing livestock at the North Carolina State Fair. 
At the annual Dairymen’s Conference, 436 
plates of barbecue were sold. Providing meals 
for other meetings, such as Beef Cattlemen’s 
Conference, was continued this year. 

The money earned by the Club is being spent 
to help defray the expenses of members of the 
various judging teams (Dairy, Dairy Products, 
Livestock, and Meats). A scholarship fund 


is being established for a deserving student 
of Animal Industry. A bus will be chartered 
by the Club for three days to visit North 
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Carolina livestock farms. An annual steak din- 
ner, to be held May 17, for the Animal In- 
dustry staff, students, and their guests, will be 
partially financed by the Club. 


O.S.U. Student Club News 


THomas W. Kunxeu of Euclid, Ohio, a 
senior in Dairy Science, was awarded the S. M. 
Salisbury Memorial Scholarship for 1957. The 
Salisbury Scholarship Fund has been developed 
in memory of Prof. 
Scuy er M. Saispury, 
who was a member of 
the Dairy Science staff 
for over 30 years. The 
contributions of Ohio 
State Univ. alumni and 
friends of the late S. M. 
Salisbury have estab- 
lished this fund. In se- 
lecting the recipient of 
this scholarship, the 
committee considers in- 
tegrity, interest in 
dairy science, scholastic 
ability, need of student, 
and extra-curricular ac- 





Thomas W. Kunkel 


tivities. 

The Junior A.D.S.A.’s Annual Winter Din- 
ner-Dance was held in the west ballroom of 
the Ohio Union, Saturday, February 16. The 
150 people who attended the dinner-dance en- 
joyed a delicious meal preceding the program. 


The annual election of officers for the Jun- 
ior A.D.S.A. was held at the March 7 meeting. 
Elected were: RonNALD EBERHARD, president; 
Harotp Swaltscoop, vice-president; Tiiomas 
SETTLEMIRE, treasurer, RICHARD GITHENS, sec- 
retary. 


The Production section is sponsoring the 
first Buckeye Dairy Show on April 20, in con- 
nection with Purebred Dairy Cattle Associa- 
tion’s judging school, which will be held at the 
Ohio State Univ. on April 19 and 20. 


Rutgers Univ. Dairy 
Science Club Activities 


The Dairy Science Club of Rutgers Univ., 
New Brunswick, N.J., sponsored two lunch- 
eons again this year. The first was for the 
Cheese Manufacturers’ Conference on January 
18; the second, for the Iee Cream Manufac- 
turers’ Conference, January 25. By serving 
these two groups, the Club earned approxi- 
mately $75 for its treasury. 


During the month of December, the Club 
published its annual Christmas Letter; its 
editor-in-chief was JAMES THompson. This let- 
ter is sent each year to the club members and 
club alumni, telling them what the Club has 


accomplished the past year and what is new 
in the department—especially in the way of 
research. 


Babcock Dairy Science Club to Be Active 
at Dairy Manufacturers’ Conference 


The February meeting of the Babcock Dairy 
Science Club was held, with 25 members pres- 
ent. One of the chief means of making money 
for the Club was selling refreshments at the 
annual Dairy Manufacturers’ Conference, held 
at the Univ. of Wisconsin, Madison, April 2 
and 3. Plans and committees were again set 
up this year for carrying out this project. Also, 
the club printed a paper to be distributed to 
all those attending the Conference. This paper 
included news about the Club and its activities, 
the Univ. of Wisconsin Dairy Products Judg- 
ing Team, and also gave some information 
about the seniors graduating in the Dairy In- 
dustry Dept. It is hoped that, with this in- 
formation, interviews will be set up between 
graduates and prospective employers. 

The speaker for the evening was Myron 
Dean, of the Dairy and Food Industries Dept., 
who spoke on the advantages to be gained from 
— in the dairy products judging 
Work. 








Because... 


the experience and training of our per- 
sonnel in plant operations, as well as the techni- 
cal phases, is singular in the dairy industry, we 
are able to offer a distinctive service in the 
flavor field. 


Every development in the Ramsey product line 
is projected with the requirements and success 
of the manufacturer in mind. Your sales poten- 
tial is fully evaluated. Our interest is concerned 
with what we can do for you. 


Our services in developing and custom manu- 
facturing flavors for interested accounts is avail- 
able where volume allows. Assignments are exe- 
cuted to your complete satisfaction. 


To permit you to taste special flavors for ap- 
praisal purposes, without the usual attending 
efforts, we will gladly arrange a ready-to-taste 
presentation of frozen ice cream samples, at 
your convenience. 


An opportunity to present these special services 
to you will be a privilege. 


RAMSEY LABORATORIES, INC. 
2730 Grand Avenue Cleveland 4, Ohio 
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Washington State Dairy Club Reports 
Projects for Financing Judging 
Team Trips 

Heifers and vending machines were the main 
topies for discussion at the February meeting 
of the WSC Dairy Club. 

Last fall, the Dairy Club consigned a bred, 
registered Holstein heifer to the Washington 
State Holstein Sale at Mount Vernon, Wash. 
The heifer brought $450, which was above the 
sale-average. With the profits from this heifer, 
the Dairy Club purchased three more registered 





Registered Holstein heifer consigned by Wash- 
ington State Dairy Club to recent sale. 


Holstein heifers. These heifers have been bred 
to the State College of Washington’s popular 
herd sire, Carnation High-Lighter. The heifer 
committee reported that the heifers will be con- 
signed to the Washington State Holstein Spring 
Sale, to be held in Spokane the latter part of 
April. The money realized from their sale will 
be used to purchase another heifer for the an- 
nual fall sale. The inereased scope of this 
project will enable the Club to finance the 
dairy judging team trips to the National Dairy 
Congress at Waterloo, Ia., the International 
Livestock Exposition at Chicago, and the Grand 
National Exposition at San Francisco. 

The vending machine committee reported a 
similar inerease in the scope of their project. 
The Dairy Club rents vending machines from 
the Department of Dairy Science. These ma- 
chines are placed in dormitories and other liv- 
ing places for the students’ convenience. Bot- 
tled milk and ice cream bars are quite popular 
at WSC. 

The Dairy Club pays one of its members 
to service and maintain the machines. Profits 
are used to finance the Dairy Products Judg- 
ing Team to the International Dairy Products 
Judging Contest, which is held at Atlantic City, 
N.J., every other year. 

The WSC Dairy Club ean think of no better 
way to promote the dairy industry than by 
selling heifers, milk, and milk products. 
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of good fortune 


When you earn the coveted ‘‘A’’ 
Award, good fortune smiles on you 
twice. It is the highest tangible 
tribute that can be paid to your 
personal skill as a dairyman. 


Moreover it’s an infallible indi- 
cation that you’ve achieved the first 
requisite for sales success:—prod- 
uct excellence! 








The opportunity for winning the ‘‘A’’ Award, and the technical assist- 
ance in helping you develop a more saleable product are two decided ad- 
vantages of your membership in... 


The DAIRY MANUFACTURE AND RESEARCH BUREAU 
Division of G. P. GUNDLACH & CO. 
1201 W. 8th St., Cincinnati 3, Ohio 


‘*Servants to the Dairy Industry’’ 
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EFFECT OF POTASSIUM OROTATE AND METHIONINE 
SUPPLEMENTATION ON FEED CONSUMPTION AND 
GROWTH OF DAIRY HEIFERS ! 


J. M. WING 


Department of Dairy Science, Florida Agricultural Experiment Station, Gainesville 





Jersey heifers fed rations supplemented with methionine and potassium 
orotate made more economical gains than those without the supplements. 
Editor. 











Orotie acid is a growth factor for bacteria (2), laboratory animals (3, 4), 
and, with methionine, for young dairy calves (8). Its mode of action, however, 
is not clear. Since previous investigations were limited to small calves and mono- 
gastric species, possibly orotic acid is, or substitutes for, a normal rumen product. 
The present experiment was designed to determine whether or not potassium 
orotate with methionine affects growth and feed consumption in dairy heifers 
with well-established rumen functions. 


EXPERIMENTAL PROCEDURE 


Twelve Jersey heifers, averaging nine months of age, were divided into two 
comparable groups. All subjects were confined to individual dry lots and were 
provided shade, water, hay, concentrate feeds, and mineral supplements. 

Roughage digestibility could be an important factor, since rumen micro- 
organisms might be stimulated by the supplements used. For this reason, the 
hay selected was of poor quality (of advanced maturity and produced under 
unfavorable curing conditions). Pangola grass hay was fed the first month and, 
thereafter, Alyceclover hay. Both hays were fed free choice. A maximum of 
five pounds per head daily of a concentrate feed designed to be rich in naturally 
occurring orotic acid was offered. Composition of the concentrate mixture was 
as follows: 


Ground shelled corn 30 parts 
Ground oats 30 parts 
41% cottonseed meal 20 parts 
Nonfat dry milk solids 20 parts 
Bone meal 2 parts 
Salt 1 part 


Received for publication August 1, 1956. 
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The experimental ration contained additional potassium orotate and methio- 
nine in the amount of 272 g. of each, per ton of concentrate feed. Individual 
feed consumption was recorded daily throughout the three-month period. Body 
weight (two-day average) was determined initially and at one-month intervals. 


RESULTS AND DISCUSSION 


A reduction in appetite, and general unthriftiness, were apparent in the 
treated group by the end of the second week. Fecal examination showed the 
presence of roundworms in all subjects, though they appeared to be more numer- 
ous in heifers that received the supplements. 

The initial inferiority of the treated group might be attributed to stimula- 
tion of internal parasites by the potassium orotate and methionine. 

All animals were drenched with 2 oz. of phenothiazine, and all improved in 
appearance. There were no symptoms of parasite infestation by the end of the 
first month, and little, if any, difference in appearance between groups. 

By the end of the second month, although health was excellent in all subjects, 
supplemented heifers exhibited glossier coats and were more alert in appear- 
ance than were the controls. 

Heifers that received the supplements gained an average of 116 lb. (Figure 
1) compared with a group-mean gain of 100 lb. in controls and an expected gain 
of approximately 90 lb. (6). This difference was statistically significant at 
P = 0.05. 
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Fig. 1. Effect of potassium orotate and methionine on body weight. 


The experimental group was superior in efficiency of feed utilization, re- 
quiring 3.1 Ib. of TDN per pound of gain, exclusive of maintenance, as compared 
to 3.5 lb. for controls. This difference, likewise, was significant at P = 0.05. No 
appreciable difference was observed in appetite of this group for either the hay 
or the concentrate mixture. 
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Reservations must be made in evaluating these data, however, becouse both 
TDN content of the feed (5) and maintenance requirements (1) were caleulated. 

The rate of 272 g. of each supplement per ton was based on results of earlier 
work (8), the assumption that nonfat dry milk contains 0.6 mg. of orotie acid 
per gram (7), and that animal requirements vary with the 0.73 power of body 
weight (1). There is no conclusive proof that other levels would not be more 
effective. The fact that less response was observed in heifers than in small calves 
(8) could be the result of suboptimum intake by the large animals, as well as of 
differences in rumen physiology and stimulation of internal parasites. 

Results are similar to earlier data, which indicate a synergism between orotic 
acid and methionine (8). This synergism recently was confirmed with mice (4). 

If orotie acid is synthesized in the rumen, a suboptimum amount apparently 
was produced under the conditions of this experiment. The amount of orotic 
acid supplied by skimmilk in the concentrate mixture likewise was insufficient 
for best results. It seems possible, however, that the effect of supplementation 
was partially obscured by the orotic acid content of skimmilk solids in the con- 
eentrate feed. 

SUMMARY 


3etween the ages of nine and 12 months, six Jersey heifers which received 
concentrate feed containing 272 g. each of supplementary methionine and po- 
tassium orotate gained an average of 115 lb. and required 3.1 lb. TDN per pound 
gained. The average gain of a control group was 100 lb., with a feed efficiency 
of 3.5 lb. of TDN per lb. of gain. Both observations were statistically significant 
at P = 0.05. Increased activity of internal parasites was indicated in the treated 
group. 

ACKNOWLEDGMENTS 


The author gratefully acknowledges the cooperation of J. P. Boggs, who fed and managed 
the animals. Thanks are also extended to Specifide, Ine., Indianapolis, for the methionine and 
potassium orotate used in this work. 


REFERENCES 


(1) Bropy, SAMUEL. Bioenergetics and Growth. Reinhold Publ. Corp., New York. 1945. 

(2) CHarraway, F. W. Growth Stimulation of Lactobacillus casei by Pyrimidines. Nature, 
153: 250. 1944. 

(3) Hu.sert, R. B., anp Porrer, V. H. A Survey of the Metabolism of Orotie Acid in the 
Rat. J. Biol. Chem., 195: 257. 1952. 

(4) Karasui, M. Personal correspondence. 1956. 

(5) Morrison, F. B. Feeds and Feeding. 21st ed. Morrison Publ. Co., Ithaca, N. Y. 1948. 

(6) Raagspate, A. C. Growth Standards for Dairy Cattle. Mo. Agr. Expt. Sta., Bull. 336. 
1934. 

(7) Wetsserc, 8S. M. Personal correspondence. 1955. 

(8) Wine, J. M. Effect of Orotie Acid and Methionine Supplementation on Feed Consump- 
tion and Growth of Young Calves. J. Dairy Sci., 38: 504. 1955. 








TECHNIQUE FOR IN VIVO MEASUREMENT OF THYROIDAL [*} 
IN CATTLE! * 


G. W. PIPES, B. N. PREMACHANDRA, anp C. W. TURNER * 
Department of Dairy Husbandry, University of Missouri, Columbia 





Quantitative changes in thyroidal I can be measured with a sensitive 
scintillation counter, mounted on a flexible arm which is attached to a 
holder that immobilizes the neck and head of the animal. One gram of 
thiouracil per 100 lb. inhibits reutilization of I’ from metabolized thyroid 
hormone. The daily secretion rate of individual animals can be measured 
in terms of L-thyroxine. Editor. 











The rate of secretion of the thyroid hormones plays an important role in 
the growth process and in the maintenance of intense milk secretion in dairy 
cattle. In the absence of the thyroid glands or in hypothyroidism the growth 
rate is slowed, and milk may be reduced from 30 to 40 per cent. Conversely, 
with optimal levels of thyroid hormone secretion, the growth rate is accelerated, 
and the intensity of milk secretion is increased to the point where other hormones 
become limiting factors in productivity (27). 

At the present time, the selection and mating of dairy cattle are based upon 
the total production of milk and fat in a lactation period of 305 or 365 days. 
Information has not been available as to secretion rates of the various en- 
doerine glands upon which the total productivity of the animals is dependent. As 
a consequence, breeders of dairy cattle have not known why certain individual 
cows or the progeny of certain sires are incapable of measuring up to high stand- 
ards of production. 

As a result of the intense endocrine research of the past 25 years, the role of 
the various hormones in stimulating growth of the udder and the intensity of 
milk secretion have been determined (20). There are two methods by which the 
activity of the individual endocrine glands may be measured. 

One method consists of administering exogenous hormone and observing 
the effect of it on the intensity of milk secretion. If the milk yield increases 
during the period of administration, it may be inferred that the rate of secre- 
tion of the hormone by the cow is a limiting factor in its productivity. If the 
eow had inherited a higher secretion rate for the given hormone, its productivity 
would have been equal to that stimulated by the additional hormone (21). 


Received for publication September 6, 1956. 
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Fic. 1. Scintillation counter and flexible arm in position for operation. 


The second method of determining valuable information about the inherited 
rate of secretion of the important endocrine glands is direct measurement of 
the rate without respect to other endocrine glands. 

In a series of earlier reports from this station (18), a method was reported 
by which the average thyroxine secretion rate of experimental animals and 
fowls was estimated, using a goitrogen to block thyroxine secretion and ad- 
ministering graded doses of thyroxine. By this technique, it was necessary to 
sacrifice the animals and determine the weight of the thyroid gland. Such a 
method is not applicable to the larger domestic animals, owing to their high 
value. Furthermore, the method determined the average thyroxine secretion 
rate rather than the secretion rate of individual animals. 

In the development of alternative methods of determining the thyroxine 
secretion rate, study was devoted to the blood levels of the thyroxine-like I'*! 
and total I'*!. This method involved the serial sampling of the blood with its 
attendant disturbance of the animal. While the blood methods have contributed 
greatly to our understanding of thyroid physiology in the rat (16), in the fowl 
(3), and in eattle (15), a greatly improved method has been developed in our 
laboratory for obtaining highly reproducible in vivo determinations of thy- 
roidal I'*! in eattle. The object of this paper is to report details of this new 
method and present some preliminary observations upon its usefulness in a study 
of thyroid function in eattle. 

Equipment development. Several investigators have developed methods 
for determination of thyroidal I'*! in laboratory animals (4, 10, 11, 12). Exten- 
sive investigations have been made in devising methods for measurement of 
I'3! in the thyroid gland of the human (17, 2, 4, 8). Fundamentally, the latter 
methods consist of locating one or more receptors (GM tubes or scintillation 
counters) at approximately 30 em. from the thyroid gland. Perlmutter et al. 
(14) have shown that at a distance of 30 em. between the radioactive source and 
the receptor, a variation in location of 1 em. produced a mean of three per cent 
difference, compared with a mean of 42% difference at a distance of 1 em. The in- 
verse-square law, i. e., the intensity of radiation, is inversely proportional to the 
square of the distance between the source of radiation and the point of measure- 
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Fic. 2. Spacer and steel ring located over the thyroid gland. 


ment, indicating that precision measurements of thyroidal I'*! should be made 
at as great a distance as the sensitivity of the detector will permit. 

A. Equipment for restraining the animal. Since the distance between 
the thyroid gland and the receptor must remain constant during the period of 
measurement, the head and neck of the animals were immobilized with a Ranger 
Speed table.* This head-holder was attached to a Ranger Cattle Chute (Figure 
3) or attached to the metal upright bars of a cattle stall (Figure 4). The head- 
holder was attached to the chute at a point 31 in. above the floor. Portions of 
the head-holder directly below the throat were removed, to allow access to the 
thyroid region. 

After a short training period, dairy cows and calves can be handled in this 
apparatus without exciting them. Dairy animals that are trained to lead can 
be handled with the head-holder attached to a cattle stall. When handling beef 
animals or untrained dairy animals, restraint in a cattle chute is required dur- 
ing the training period. 

B. Radiation-Detecting Equipment. A scintillation counter was employed, 
since these instruments are 30 to 50 times more efficient than the GM tube. This 
counter contained a 1” x 1” Nal (thallium-activated) crystal, and was con- 
nected by a 20-ft. coaxial cable to a combination scaler and analytical rate meter. 

The head-holder was modified to permit the attachment of a scintillation 
counter-holder on a flexible arm. The flexible arm allowed adjustment of the 


* Delphi Products Co., Delphi, Indiana. 
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Fig. 3. In vivo determination of thyroidal I™ in the cow. 


counter in vertical and horizontal positions under the thyroid regions of the 
throat of the animal. 

In order to develop a sturdy spacer, two steel rods 6 mm. in diameter and 30 
em. in length were attached to the scintillation counter-holder. The upper end 
of the steel rods terminated in a steel ring 1014 em. in diameter, which was rein- 


sce TI Sg VEY - 


ray it 
| | | 





Fig. 4. Scintillation counter and head-holder attached to a cattle stall. 
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forced by a bisecting steel rod (Figure 2). A spring balance was inserted be- 
tween the counter-holder and the flexible arm to allow the adjustment of uniform 
pressure between throat and spacer (Figure 1). This device minimized the 
effect of variable dewlap size and allowed reproducible geometry. 

In operation, the front of the steel spacer ring was placed at the posterior 
aspect of the cricoid cartilage. The spacer ring in this position covered the first 
two or three tracheal rings. These anatomical landmarks in the region of the 
thyroid gland are easily located by palpation of the neck. Maximum counting 
rates were consistently observed in this region. 


EXPERIMENTAL METHODS 

The animals available for the preliminary study were dairy and dwarf beef 
cattle, fed and housed in a unit separate from the University herd. Ali animals 
were allowed access to iodized salt during the experimental period. 

From 100 to 300 ue. of carrier-free radioiodine (Nal'*') were injected intra- 
venously into each animal at the beginning of the experimental period, the 
amount injected varying with the duration of the experiment. Results have 
been expressed in terms of the percentage of the injected dose. Corrections 
were made for the radioactive decay of I'*!. Corrections were not made for ab- 
sorption of gamma radiation by the neck or the spacer ring, since these correc- 
tions were assumed to be constant for each individual animal throughout the 
experiments. Backscatter was virtually eliminated by adjustment of the dis- 
eriminator circuit to reject low-energy radiation. 

Experiment I, Uptake and Release of Thyroidal I'*'. Three Jersey cows, 
ranging in weight from 900 to 1,200 lb., were injected with carrier-free Nal'*?, 
and measurements of thyroidal I'*! were made daily with the described equip- 
ment for 14 days. Maximum observed uptake of I'*! by the bovine thyroid 
varied from 48 to 72 hours after injection. After this period of time, the release 
of I'*! as thyroid hormone exceeded the rate of uptake, and thyroidal radio- 
activity began exponentially to decline. 

In many ways the decline in radioactivity of the thyroid gland is similar 
to the decline in milk yield with advancement of the lactation period. Both 
appear to indicate first-order reactions where the rate of reaction is directly pro- 
portional to the concentration of the reacting substance. 

Brody, Ragsdale, and Turner (6) have demonstrated that milk secretion 
during the declining phase of lactation can be predicted according to the equa- 
tion : 

Mt = Moe-—** (1) 
where Mt = milk production during any month, t; Mo, the theoretical value of 
the milk production at the time of parturition; e, the base of natural logarithms, 
and k the rate of decline of milk production. 

The amount of I'*! remaining in the thyroid gland can be predicted by a sim- 
ilar equation : 


1,491 = U e-* (2) 


where /,'*! is the per cent of injected dose corrected for radioactive decay re- 
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maining in the thyroid on any day, t; U is the theoretical maximum uptake of 
[131 by the thyroid at zero time expressed in per cent of injected dose; e, the base 
of natural logarithms; k is the rate constant indicating the daily disappearance 
of I'*! from the thyroid gland, and ¢ is time in days. 

The decline in radioactivity of the thyroid gland is primarily dependent 
upon the rate of release of thyroid hormone and secondarily dependent upon 
uptake rate of I'*! from metabolized thyroid hormone. When I'*!-tagged thy- 
roxine is released into the blood, it is then metabolized in various cells of the 
body and I'*! is removed from the carbon skeleton of the thyroxine molecule. As 
a result of this process, I'*! again becomes available to the thyroid and the kid- 
ney. It is generally assumed that such I'*! is collected by the thyroid in exactly 
the same manner as the initial injection of I'*!. This process is called ‘‘recyeling’’ 
or ‘‘reutilization’’ of iodine. The true rate of release of thyroid hormone is 
masked to the extent and degree that recycling of I'*! occurs. 

In order to separate these two processes, the techniques and terminology 
of Brownell (7) were employed. The k’, values were based upon the caleulated 
slope of the regression line indicating the net release of thyroidal I'*!. These 
values were stated in terms of hours; whereas, the * value in equation (2) was 
stated in days. The k’s values are much lower than the true value, because I?*! 
from metabolized thyroid hormone is picked up and reutilized by the thyroid. 
It is generally assumed that I'*! is reutilized to the same degree that the original 
I'3! was utilized by the thyroid gland. Therefore, the equation of Brownell 

k’, ' 
i-t (3) 
where ky, is the true rate constant for release of thyroid hormone, k’, is the ob- 
served rate of release of thyroidal I'*!, and U is the theoretical uptake of 
1181 (decimal fraction of injected dose), obtained by extrapolation to zero time, 
was employed. 

These calculations are necessary because animals may have the same rate 
of hormone release (k’s) while reutilization is occurring to a much greater degree 
in those with a high uptake (U) than in those with a low uptake. 

If the k’, values were equal, then the animals with lower I'*! uptake would 
have a lower rate of release (k4) than those with a higher uptake. 

Representative rate constants for hormone release (k,) and percentage uptake 
of injected dose are presented (Table 1). 

When regression lines are fitted by the method of least squares to data ob- 
tained during the release phase, daily measurements follow very closely to the 
caleulated values. Day-to-day average temperature variations (19° to 40°) 
apparently did not affect daily measurements (Figure 5). 


TABLE 1 
Thyroid function of dairy cattle 


kg = 








Cow No. U (% Dose) k; (release rate) 
310 57.1 0016 + .0004 
160 44.6 .0038 + .0006 


544 38.2 .0082 + .0006 
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Fig. 5. The observed rates of release of thyroidal I in the bovine. (ki values are rate 
constants corrected for reutilization.) 


Standard errors were calculated from the deviations of daily measurements 
from the calculated slope. Those standard errors were applied to the ky values. 
Standard errors were apparently quite low when compared with the data of 
Blineoe and Brody (5). Wide variations (.0016 to .0082) were found to exist 
in ky values between dairy cows. 

In order to investigate the rate of release of thyroidal I'*! uncomplicated by 
recycling, experiments were undertaken to block the recycling of I'*! through 
the thyroid gland. 

Experiment II, Effect of Thiouracil on Rate of Release of Thyroidal I***. 
When goitrogens such as thiouracil or 6-methyl thiouracil are administered to 
animals, the ability of the thyroid to reutilize I'*! is inhibited. While the thyroid 
ean pick up iodine under these conditions, it is unable to convert iodine to thyroid 
hormone, and loses such iodine rapidly to the blood (1). During this process 
the thyroid continues to secrete preformed hormone. When reutilization is 
blocked, the rate of release of thyroid hormone may present a better parameter 
of thyroid function, since recycling of I'*! does not complicate the situation. 

In this experiment, four Jersey cows were injected with I'*! and daily meas- 
urements of thyroidal I'*! were made for 13 days, to determine the normal rate 
of uptake and release. On the 13th day thiouracil was administered at approxi- 


mately 1 g. per 100 lb. body weight by gelatin capsule. Daily measurements 
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Fic. 6. The effect of thiouracil on the apparent rate of release of thyroidal I. (k’s values 
are rate constants uncorrected for reutilization of I™ by the thyroid gland.) 


of thyroidal I'*! and administration of thiouracil were continued for seven days. 
The net rate of release (k’,) was calculated for each period (Figure 6). Within 
24 hours after the administration of thiouracil the apparent rate of release of 
thyroidal I'*! increased, and a new steady state of loss of thyroidal I'*! was ob- 
served. Changes in the release rate are shown (Table 2 and Figure 6). 

The k, value, as well as the k’, value, under thiouracil furnishes information 
of physiological importance. When these values are high they indicate that 
functional activity (thyroid secretion) is high. On the other hand, when these 
indices are low, it is expected that the animals will be poor-growing and _ poor- 
lactating animals, owing to low thyroid function. However, these measure- 
ments do not provide a direct estimate of the actual amount of hormone produced, 
but only a measure of relative rates of thyroid function. 


TABLE 2 


Effect of thiouracil on thyroid function 








k’s k's 
Cow No. (Control period) (Thiouracil period) 
583 0011 + .0003 .0044 + .0004 
310 0007 + .0004 .0027 + .0004 
160 0018 + .0003 .0058 + .0005 
544 .0059 + .0012 .0073 + .0008 
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Experiment III, Determination of the L-thyroxine Secretion Rate. The thy- 
roxine secretion rate of an animal is controlled by the interplay of a hormone 
secreted by the anterior pituitary lobe, called thyrotropin, and the thyroid gland 
and its seeretion of thyroxine. When thyrotropin is secreted in increased amounts 
it stimulates the thyroid gland to increased thyroxine production. The secreted 
thyroxine in turn acts upon the pituitary, to depress the secretion of thyrotropin. 
Thus, the variation in thyroxine secretion in cattle is dependent upon the level 
of interplay between the two hormones. In cattle with a high thyroxine secretion 
rate, a larger amount of circulating thyroxine is required to depress the secre- 
tion of thyrotropin. 

This normal equilibrium between the two hormones makes possible the deter- 
mination of normal L-thyroxine secretion rate of cattle. If an amount of thy- 
roxine which equals the thyroxine secretion rate of the normal animal is in- 
jected, then the secretion and discharge of thyrotropin by the pituitary is stopped ; 
this in turn stops the secretion and discharge of thyroxine by the thyroid gland. 
When this occurs, the discharge of I'*'-tagged thyroxine is inhibited. 

Three heifers were injected with I'*! and after 48 hours daily measurements 
of thyroidal I'*' were made for a period of four days. After this time thiouracil 
was administered at the rate of 1 g. per 100 lb. body weight. As in the previous 
experiment, a prompt change in the apparent rate of release was observed dur- 
ing the next three days. At the end of this period the animals were injected 
with increasing doses of L-thyroxine during periods of three days each, and the 
administration of thiouracil was continued. Measurements of thyroidal radio- 
activity were made at the end of each three-day period (Figure 7). As thyroxine 
injections were progressively increased, the secretion of thyrotropin was progres- 
sively decreased. In turn, the discharge of I'*!-tagged thyroid hormone was 
inhibited, as shown by the reduced rate of loss of thyroidal I'*'. At the level 
of thyroxine which completely blocked the apparent release of thyroidal I'*?, 
equilibrium was assumed to be obtained (Figure 7). This is tentatively assumed 
to represent the equivalent of the animal's L-thyroxine secretion rate. 


DISCUSSION 

Equipment has been described that makes possible a quantitative study of 
changes of thyroidal I'*! in the bovine, utilizing a scintillation counting system. 
This equipment permits immobilization of the head of the animal and location 
of the scintillation counter at 30 em. from the thyroid, for a sufficient period 
of time to permit measurements of high statistical significance. 

Three criteria of thyroid function in dairy cattle have been suggested, utiliz- 
ing the deseribed equipment : 

(1) The relative rate of release of thyroid hormone (k,) corrected for reeyeling 
according to Brownell’s equation. (2) The hk’, value when reeyveling of I'*! is 
blocked by use of goitrogens. Stanbury et al. (19) have suggested that inor- 
ganic iodine may be lost from the thyroid during goitrogen treatment. However, 


the present investigations have shown that thyroxine will inhibit the loss of I'*! 
from the thyroid during thiouracil administration. It would appear more 
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Fig. 7. The effect of thiouracil and graded doses of thyroxine on thyroid funetion. 


logical to assume that the reutilization corrections suggested by Brownell (7) 
do not completely fit the experimental model. (3) Replacement therapy tech- 
niques during thiouracil administration can be used as an index of thyroid fune- 
tion. Although these data do not prove that inorganic I! is not released in 
association with the release of ['*!-tagged thyroxine, they indicate that in the ab- 
sence of the release of I'!-tagged thyroxine and during the treatment with 
voitrogens inorganic I! is not released (Figure 7). 

Replacement techniques have been applied to the rat (17), to the rabbit (9). 
and to sheep (13) and the fundamental approach is believed to be sound; but 
due to much slower rate processes in large animals, more investigation is needed 
on a number of time relationships, involving the mechanism of the pituitary- 
thyroid system as well as the biological half-life of thyroxine in the cow. A 
discussion of these problems will be reserved for later presentation. 


SUMMARY 

Equipment has been described which makes possible the quantitative study 
of thyroidal I'*! in the bovine. This equipment consists of a scintillation counter 
mounted on a flexible arm, which is attached to a head-holder designed to im- 
mobilize the head and neck of the animal. Sufficient sensitivity is provided by 
the counting system to permit the use of 50 or less we. of I'*!. 

Data have been presented on the normal uptake and release of I'*! by the bo- 
vine thyroid and the effect of goitrogens upon reutilization of I'*' from metabo- 
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lized thyroid hormone has been described. One gram of thiouracil per 100 pounds 


has been found to inhibit reutilization. 


Replacement therapy with thyroxine during thiouracil treatment has indi- 


eated the feasibility of measuring the actual daily secretion rate of individual 


animals in terms of L-thyroxine. 
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SOME FACTORS AFFECTING THE DETERMINATION OF PLASMA 
PROTEIN-BOUND IODINE, USING THE ALKALINE 
FUSION-CERIC SULFATE METHOD! 


H. D. LENNON, JR., ano J. P. MIXNER 
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Blood plasma should be processed and assayed for protein-bound iodine 
immediately after it is collected, to avoid the interaction effects of length 
and temperature of storage with each other and with animal. Fditor. 











The determination of plasma protein-bound iodine (PBI) by the alkaline 
fusion—ceric sulfate method (2, 3) has been proposed as a simplification of older 
iodine distillation procedures (1, 4, 7). Few data have been presented that 
show the sources of experimental error in the use of the alkaline fusion method. 
This paper presents a study of the effect of the length and temperature of 
storage of bovine plasma on plasma PBI values, together with an analysis of error 
term varianee as contributed by fusions and by replicate determinations within 
fusions. Also presented is a method of calculating plasma PBI values, whereby 
per cent transmittance readings, iodine standards, and simple proportionality 
calculations may be used. 


METHODS AND PROCEDURES 


Blood for this study was collected from the jugular vein of each of four 
dairy cows (three Holsteins and one Guernsey) which were of similar age 
and stage of lactation. The blood was centrifuged immediately to obtain the 
plasma. An anticoagulant consisting of 24 g. of ammonium oxalate, 16 g. 
of potassium oxalate, and 1 liter of water was used (10 ml. for 100 ml. of blood). 
The anticoagulant was evaporated to dryness in the blood-collection tubes. 

A factorial design was used in these studies in which duplicate 1-ml. sub- 
samples were prepared for fusion per subtreatment, by pipetting plasma 
into Pyrex ashing tubes. The subsamples were then stored at temperatures of 
— 20, 2, and 25° C. for intervals of zero, one, three, and six days prior to 
assay. 

The method of Brown eft al. (3) was used for plasma PBI determinations. 
A fusion (involving precipitation, washing, drying, and ashing of the plasma 
proteins) was performed on each of the two plasma subsamples and duplicate 
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Fig. 1. Standard curve for iodine determinations adjusted such that the curve passes 
through the origin and demonstrates good linearity of response. 
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photometric determinations were made on each fusion sample, using a Klett- 
Summerson colorimeter. Klett-Summerson readings were converted to per cent 
transmittance by use of the following formula : 


( transmittance = Antilog |2 — (K-S reading X 0.002) | 


A rectilinear relationship existed between iodine level and per cent trans- 
mittance. Figure 1 shows the manner in which a standard curve for iodine 
may be modified so that the curve passes through the origin. The reading of 
the reagent blank was subtracted from the reading of the iodine standard (or 
reading of unknown). A simple proportionality calculation was made from 
the following formula: 


micrograms of iodine standard 





PBL (pe. % ; name ; ; = 
(reading of iodine standard minus reading of reagent blank) 


(reading of unknown minus reading of reagent blank) 
X 156.25 (dilution factor) 
A sample calculation follows : 











K-S Mean 
Tubes reading Transmittance transmittance 
(%) (%) 

Reagent blanks 420 14.45 14.45 
420 14.45 

lodine standards (0.03 pe. ) 243 32.66 32.89 
240 33.11 

Plasma unknowns 160 47.86 47.54 
163 47.21 

0.03 — = 1 " 
PBL (ue. % ) =~ ooo a —X*:« (47.54 — 14.45) X 156.25 = 8.41 


(32.89 — 14.45) 
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For each analysis series, reagent blanks and iodine standards in duplicate 
were carried through the entire procedure, and calculations of plasma PBI 
values were made according to the method illustrated. 

The analysis of variance used in this study was according to the outline 
of Snedecor (6). The expectations of mean squares for fixed and random effects 
were determined by the method of Schultz (5). 


RESULTS AND DISCUSSION 


Mean plasma PBI values for this study are presented (Table 1), arranged 
by time and temperature of storage. 

An analysis of variance (Table 2) of the plasma PBI data indicated the effects 
due to animal (or sample), animal X day, temperature, animal X temperature, 
and animal X day X temperature were significant (P < 0.01). 

Components of mean squares and estimated variances were derived for the 
various sources of variation (Table 3). The variance for each souree was also 
expressed as a per cent of total variance. Estimated variances may be further 
grouped under four main sources: animal; length and temperature of storage 
plus their interactions with each other and with animal; fusion; and determina- 
tions within fusion (‘Table 4). 


TABLE 1 
Effect of length and temperature of storage on plasma PBI 





Mean plasma PBI values 








Day — 20" C. 2 €. 25° ©. 
(ug. %) (ug. %) (ng. %) 
0 §.73 5.08 5.04 
1 3.39 4.96 5.00 
3 5.55 5.93 5.07 


6 5.00 5.32 4.78 





TABLE 2 


Analysis of variance of plasma PBI data 








ee eae eee Degrees of Mean 
ER i SN freedom square Error term F 
(Symbol) 

Total 191 
Animal — A 3 65.6555 F(ADT) 177.49" 
Day — D 3 2.5626 AD 0.65 
Ax D—AD 9 3.9658 F(ADT) 10.72" 
Temperature — T 3 2.9738 F(ADT) 8.04" 
AX T—AT 6 1.7448 F(ADT) 4.72* 
Dx T— DT 6 0.6354 ADT 0.67 
AX Dx T— ADT 1s 0.9529 F(ADT) 2.58" 
Fusions in A ¥ D x T 

F(ADT) 48 0.3699 C(F) (ADT) 7.67" 
Determinations in 

fusions in A X D x T 


C(F)(ADT) 96 0.0483 











* Significant at the 167 level (P< 0.01). 
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TABLE 3 


Components of mean Squares and estimated variances 


























Source of Estimated 
variance Mean square is an estimate of variances 
(Symbol) (o° or @) (Go) 
A oC(F)(ADT) +2 0°F(ADT) +48 0°A 1.36 65.0 
D oC(F)(ADT) +2 e0°F(ADT) +12¢AD +48 6°D -0.03 —1.4 
AD oC(F)(ADT) +2 0¢°F(ADT) +12 0cAD 0.30 14.5 
bs oC(F)(ADT) +2 0°F(ADT) + 64 0°T 0.04 2.0 
AT oC(F) (ADT) +2 0°F(ADT) +16 0°AT 0.09 4.1 
DT eC(F)(ADT) +2 0°F(ADT) +4 &ADT + 16 6°DT -0.02 -1.0 
ADT 6C(F)(ADT) +2 0°F(ADT) +4 cADT O15 7.0 
F(ADT oC(F)(ADT) +2 0°F(ADT) O.16 i 
C(F)(ADT) oC(F)(ADT) 0.05 2.3 
Total 2.30 100.0 
TABLE 4 
An evaluation of the main sources of variation 
Combined sourees of variance Estimated variances 
(co or @) (%) 
Animal 1.36 65.0 
Handling effects* 0.52 25.0 
Fusions in A X Dx T 0.16 i | 
Determinations in fusions in A * D & T 0.05 3 
) 


Total 2.10 100.4 





‘Consists of day and temperature effects and their interactions with each other and with 


iemimial, 


Direct effects of length and temperature of storage are seen (Tables 3 and 
t) to contribute little to the total variance. However, the interactions of leneth 
and temperature of storage with each other and with animal (i. e., handling 
effects) contributed approximately 25% to the total variance, and is approxi- 
mately 2.6 times the variance due to assay methodology (i. e., effects due to 
fusions and determinations within fusion). It is entirely unnecessary to have 
error variance due to these handling effects; they can be eliminated by the 
immediate recovery of plasma from the blood after collection, and processing 
the plasma without delay. 

In this study, the variance attributable to variation among animals was 
1.36 (or 65.0% of total variance). This may be considered low, because blood 
samples were used from cows in quite similar physiological states as expressed 
by age, and stage of lactation, thus tending to yield similar plasma PBI levels. 
Since only four cows were sampled, this estimate of animal variance cannot be 
considered very reliable. 

Method error variance in this study was found to be 0.16 (fusion effects) 
plus 0.05 (determinations within fusion), for a total of 0.21. Thus, the standard 
error of a single plasma PBI determination was \ 0.16 + 0.05, or 0.46 pe. %. 
The coefficient of variation was 8.8%. Since approximately 774 of the method 
error Variance was attributable to fusion effects, use of more fusion tubes in 
preference to more replicate determinations within fusion tubes would more 


effectively reduce error variance. 








———— 
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Use of two fusion tubes would reduce the standard error of a mean PBI 
determination to 0.32 pe. % and the coefficient of variation to 6.2%. Further 
inereases in the number of fusion tubes would not reduce the error variance in 
a manner commensurate with the additional work required. It is recommended 
that in routine investigations, single photometric determinations be carried out 
on each of two fusion tubes. 


SUMMARY 


Effects of length and temperature of storage of plasma on the determination 
of plasma protein-bound iodine (PBI) by the alkaline fusion—ceric sulfate method 
were studied. Additional information was gained on the other method error 
term variances and on the derived standard error (S.E.) and. coefficient ef, 
variation (C.V.), as a function of one or more fusions per plasma sample 
and one or more photometric determinations per fusion tube. 

Direct effects due to length and temperature of storage of plasma contributed 
little to the total variance. Interactions of length and temperature of storage 
with each other and animal (i. e., handling effects) constituted 25% of the 
total variance and may be eliminated by processing and assaying plasma samples 
immediately after blood collection. 

Based on method error term variance the standard error of a single plasma 
PBI determination was 0.46 pe. % and the coefficient of variation was 8.8%. 
The most effective method of reducing these values was to increase the number 
of fusion tubes per plasma sample. 
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EFFECT OF FEEDING CERTAIN SILAGES ON THE RELATIVE 
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Corn silage as the only roughage increased rumen acidity with more 
propionic and less butyric and acetic acids than did hay-crop silage used 
alone. Rumen acidity was not increased by either hay-crop or corn silage 
when they were part of the roughage ration. Hditor. 











In recent years considerable interest has been focused on the rumen fatty 
acids, their importance as a source of energy for the ruminant, and their pos- 
sible implication in bovine ketosis. Since the various acids present have different 
energy values, information on factors affecting their relative concentration in 
the rumen is of considerable importance. 

A number of investigators have shown that the relative concentrations of 
rumen volatile fatty acids may be affected by the diet. Tyznik and Allen (&), 
for example, reported a relative increase in propionic acid production and a 
decrease in acetic acid production in cows on a_restricted-roughage ration. 
Hibbs ef al. (6), working with calves, found differences in proportions of acids 
with different grain-to-roughage ratios. Card and Shultz (3) reported significant 
differences in the percentages of each of the three predominant acids due to 
eeneral type of ration. Cutting date and methods of curing roughages were 
also found to have effects; later cutting increased acetic acid and decreased 
butyric, and silages fed as the sole roughage decreased acetic and increased 
propionic and butyrie acids when compared with hay. El-Shazly (5) and 
Woodhouse ef al. (9) have shown that high protein diets increase the butyric 
and higher fatty acids. Belasco (7), using in vitro methods, reported that 
the total production and relative proportions of the volatile fatty acids are 
dependent on the type and amount of carbohydrate used. 

It is very common practice to replace part of the hay in dairy cattle rations 
with silage. The study reported here was initiated to obtain information on the 
effect of feeding certain hay-crop and corn silages on the relative concentrations 


of the major rumen volatile fatty acids. 
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EXPERIMENTAL PROCEDURE 


Two mature Ayrshire cows, with permanent rumen fistulae fitted with plastic 
screw-cap cannulae, were used in this study. During Trials | and ITIL both 
cows were In milk; during Trial Il both were dry. 

Two rations were compared in each trial, using a single reversal design 
with either two- or three-week adjustment periods, and 10- to 17-day sampling 
periods during which five to seven samples were taken. 


The rations were fed twice daily in equal parts at 7 A.M. and between 3 and 
+ p.m. The hay used in Trial 1 was second-cutting hay of good but somewhat 
variable quality; that in Trial [Il was first-cutting, vear-old, field-cured hay, 
consisting largely of grasses. The corn silage fed in both Trials | and LIL was 
of excellent quality. Corn silage in Trial II], however, was more heavily eared. 
The-hay-crop silage used in Trial II was ensiled without preservative, in a gas- 
tight silo in late June; that used in Trial II] was ensiled without preservative, 
in a gas-tight silo in mid-August. Both of these lots were light in legumes; the 
latter was somewhat weedy. To characterize better the roughages used in this 
study, average analyses of the various lots of silage and hay, as determined 
from routine periodic samples from each silo and composite samples from each 
lot of hay, respectively, are presented (Table 1). The concentrate used in all 
trials was a commercial 14-% fitting ration. 

Rumen samples were collected at 11 4. mM. (four hours after feeding), using 
a long curved metal tube fitted with a collection bottle and a bulb syringe for 
suction. This apparatus permitted collection from near the bottom of the rumen 
just ventral to the fistula. All rumen juice samples were collected from this gen- 
eral area of the rumen. Samples were taken immediately to the laboratory, and 
centrifuged at 2,000 r.p.m. for five minutes. A part of the supernatant liquid 
was used for pH determination, and the remainder was refrigerated for subse- 
quent analysis (approximately one hour later). 

Chromatographic separation of butyric, propionic, and acetic acids was 
accomplished essentially by the method for rumen juice developed by Linke 
(7) and outlined by Conrad (#4). This is an adaptation of the method of Buhlen 
et al. (2). One of several modifications that were introduced was a slightly 
different solvent schedule, which, after careful standardization of reagents and 
procedure, permitted accurate separation of the acids without the necessity 
of collecting the eluant in small fractions. Butyric acid was not separated from 
the higher acids in the regular laboratory procedure, and this fraction was 
calculated as butyric acid and has been reported as butyric and higher acids 
A limited number of separations made during the trials indicated that acids 
higher than butyric constituted approximately 1.3 to 3.1% of the total, on a 
molar basis. Before titration 50 ml. of CO.-free distilled water and a few 
drops of detergent solution (Drene) were added to each beaker. Phenol red 
was used as an indicator. An electric stirrer was employed to insure thorough 
mixing of the two phases during titrations. 
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All laboratory determinations were made in duplicate. Corrections were 
made for recovery of individual acids based on recovery of knowns during 
each trial. In all cases recoveries averaged 95% or higher. The total volatile 
fatty acid (V.FLA.) concentration was obtained by totaling the concentrations 
of ‘‘butyric and higher,’’ propionic, and acetic acids. 

The differences in fatty acid concentration between rations were tested for 
significance by analysis of variance, in which each sample was considered as 
an observation. It should be emphasized that this test does not permit broad 
inferences to be drawn regarding the effect of silages on rumen fatty acid 
concentrations, but it should be interpreted strictly in terms of the two cows 
used. A summary of the statistical data is presented (Table 3). 


RESULTS AND DISCUSSION 


The rations, total volatile fatty acid levels, and relative proportions of the 
acids for three trials are presented (Table 2). It will be noted that in Trial I corn 
silage, when fed to replace part of the second-cutting hay, slightly increased 


TABLE 3 
Analysis of variance of total volatile fatty acid levels 
and of relative percentages of fatty acids 





Mean squares* 


Butyrie 

















Trial Source of variation a: %, Total V.F.A. and higher Propionic Acetic 
Treatment ] 12,901 0.32 0.01 2.41 
I Cows 1 76,879" 0.17 1.24 2.64 
Interaction ] 7,917 9.43 O45 6.61 
Error 24 3,794 237 1.09 1.94 
Treatment 1 158 2.46 39.458 
iI Cows l 126,680‘ 0.21 2.30 
Interaction ] 2 359 5.79 ' 37.15 
Error 34 3,267 O55 1.35 
Treatment ] 39,792 ° 25.09" 116.16°' 38.92” 
Cows 0,597 25,54" 2.3 36.72" 
ITI ows ; ] 1 » ‘ ) 4 $1 1.7 
Interaction 1 1,692 1.06 O34 4.14 
Error 16 2,701 2.45 0.51 3.10 








‘Where interaction was significant, it was used to test significance of treatment and cows; 
where interaction was not significant, error plus interaction was used. 

"(P <0.05). 

© (P <0.01). 


total rumen fatty acid concentration. One cow showed a much greater response 
to silage feeding than the other. The difference in concentration between rations 
was not statistically significant. There was no appreciable effect on the relative 
proportions of the acids. 

In Trial Il, hay-crop silage, when fed to replace part of the first-cutting 
hay, had no appreciable effect on total rumen fatty acid concentration. The 
relative concentration of butyric and higher acids was increased, and that of 


propionic and acetic acids was decreased, when hay-crop silage was fed. Even 


though these differences were not statistically significant, because of a rather 
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large interaction mean square, they agree partially with the earlier work of Card 
and Shultz (3), who obtained a relative increase in propionic as well as butyric 
acid concentrations when grass silage was fed as the sole roughage. The lack 
of complete agreement is perhaps not surprising, in view of a difference in 
level of grain and silage feeding, as well as the wide variations possible in 
the composition of hay-crop silages and hay. 

Trial II] was a direct comparison of corn silage versus hay-crop silage as 
the sole roughage. The corn silage ration resulted in a greater total rumen 
fatty acid concentration, a greater relative proportion of propionie acid, and 
smaller proportions of butyric and higher and acetic acids. All of these differences 
were found to be statistically significant. 

Although the specific dietary factors responsible for the differences in fatty 
acid concentrations are not known at this time, the following observations are 
perhaps worthy of note: (1) Appreciable quantities of fatty acids were in- 
gested in the silages, and there were appreciable differences in the acid composi- 
tion between the corn and hay-crop silages. The rations which enhanced rumen 
butyric acid level were notably high in butyrie acid. (2) In Trials IIT and 
III there was a difference in protein level between the two rations compared. 
This difference in both instances was in favor of the ration containing hay- 
crop silage. (3) In Trials IT and III the rations containing hay-crop silage were 
lower in nitrogen-free extract and higher in erude fiber than those with which 
they were compared. 

It may wel! be that a combination of these and possibly other factors is 


responsible for the differences observed. 


SUMMARY 


Two trials were conducted to study the effect on rumen volatile fatty acid 
concentrations of replacing part of the hay in the ration with corn or hay-crop 
silages. In a third trial, corn silage was compared with hay-crop silage as the 
sole roughage. 

As part of the roughage, corn silage increased total rumen fatty acid con- 
centration slightly but not significantly. The relative proportions of the acids 
were not altered. Hay-crop silage fed as part of the roughage did not enhance 
total rumen fatty acid concentration, but increased the relative proportion of 
butyrie and higher acids and decreased that of propionic and acetic acids. These 
differences were not statistically significant. 

Corn silage as the sole roughage resulted in a significantly higher total rumen 
fatty acid concentration, a significantly greater relative proportion of propionic 
acid, and significantly smaller relative proportions of butyrie and higher and 


acetie acids than did hay-crop silage used as the only roughage. 
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Effects of a high roughage ration and rumen inoculations on the growth 
and development of new-born calves were studied through four months of 
age. Restricting the grain intake decreased height at the withers, but did 
not affect roughage consumption, weight gain, or chest or barrel circum- 
ference. Rumen inoculations did not affect growth. Fdlitor. 











The dairyman is vitally interested in a calf-raising system which will give 
acceptable results and at the same time be economical and simple to follow. If 
the introduction of roughage into the calf’s ration at an early age results in 
early development of the reticulo-rumen, this would conceivably effect sub- 
stantial savings because it would be possible to raise herd replacements with 
a minimum amount of costly concentrates and liberal quantities of good forage. 
The evidence indicates that high roughage rations can be used advantageously 
in raising dairy calves (5, 6, 7, 9, 10) and that it is possible to encourage 
the utilization of forage at an early age by introducing into the calf rumen 
microorganisms obtained from mature, healthy animals (3, /, 17, 18, 19). Un- 
fortunately, there is little information in the latter reports concerning the effect 
of rumen inoculations on growth rate in young calves. Several workers (1, 17, 
16') have reported no increase in growth rate from rumen inoculations. MeGilliard 
et al. (13) found that inoculations were helpful in preventing the decrease 
in weight gain in calves when aureomycin feeding was discontinued. 

The objectives of this study were (7) to obtain additional information on 
the effect of diet on the growth of dairy calves and (2), to study further the 
value of rumen inoculations under practical calf-raising conditions. 


EXPERIMENTAL PROCEDURE 


Thirty-two calves of the Holstein, Jersey, and Guernsey breeds were em- 
ployed in this investigation. The calves were taken from their dams after they 
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had received one feeding of colostrum, placed in individual stalls and hand- 
fed colostrum milk at the rate of 1 Ib. per 10 lb. of live weight, divided into two 
feedings daily, for the first three days. Whole milk was fed at the same rate 
from four through 60 days of age. The calves were placed on the experiment 
at four days of age and allotted at random, within breeds, to the following 
treatments: Group A (control)—fed hay free-choice and a simple grain ration 
free-choice with a 4-lb. daily maximum; Group B—fed hay free-choice, but 
grain was restricted to one-half (by weight) of the amount of hay consumed ; 
Group C—fed similarly to calves in Group A, except they were inoculated 
with fresh cud material at the approximate ages of five, ten, 15, and 21 days; 
Group D—fed similarly to calves in Group B, except that they were inoculated 
with fresh cud material at the approximate ages of five, ten, 15, and 21 days. 
The experimental treatments were imposed through four months of age. Care 
was taken to prevent cross-inoculation among the calves. 

All of the calves were fed a grain ration composed of the following poundages : 
ground corn, 600; ground oats, 580; wheat bran, 480; soybean oil meal, 200; 
salt, 200, and steamed bonemeal, 20. Fair to good quality mixed hay was fed. 

Feed consumption data were obtained on a daily basis for all calves. The 
ealves were weighed and measured at the beginning and end of the experi- 
ment and at weekly intervals in-between. Blood glucose determinations (135) 
were made on all calves at two-week intervals throughout the experimental 


period. 
RESULTS 


A summary of the growth data is presented (Table 1). The mean daily 
body weight gain varied from 0.99 Ib. for the calves in Group B to 1.21 Ib. 
for the controls. The calves inoculated with fresh rumen material (Groups C 
and D) gained 1.07 Ib. daily, compared with 1.10 Ib. for the uninoculated calves. 
Calves restricted in grain consumption (Groups B and 1D) gained 1.02 Ib. per 
head daily, compared with 1.16 for the calves allowed a daily maximum of 4 Ib. 


TABLE 1 
Effeet of ration and rumen inoculations on weight gains and 
certain body measurements 


Average increase in 








Average 








Wither 





daily Chest sarrel 

Group gain® height” cireum.* cireum.* 

(Ib.) (in.) (in.) (in) 

A—Hay free-choice, grain 4 Ib. daily maximum 12] 6.9 11.9 23.8 
B—Hay free-choice, grain restricted 0.99 5.7 2.1 21.2 

(—Hay free-choice, grain 4 Ib. daily maximum 

plus inoculations 1.11 6.8 112 21.4 

1.04 6.1 11.0 21.5 


Db—Hay free-choice, grain restricted plus inoculations 











‘None of these differences was statistically significant. 
"The difference between the restricted and unrestricted grain-fed ealves was significant at 


the 197 level. 
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of grain. None of the differences in weight gain due to rations or inoculations 
was statistically significant. 

Restricting the amount of grain consumed resulted in a significant (P=0.01) 
decrease in the average increase in wither height, but had no essential effect on 
chest or barrel circumference. Rumen inoculations were observed to have no 
significant effect on increase in height at withers, or no increases in chest or 
barrel circumferences. 

The feed data summarized (Table 2) indicate that in general the calves 
not restricted in grain feeding consumed approximately the same quantity of 


ro? 


hay as the restricted calves (520 vs. 527 Ib.). Calves limited in grain intake 
TABLE 2 


Effect of ration and rumen inoculations on feed consumption and 
efficiency of feed utilization 





Av. total consumption per ealf 7 
TDN per 
Milk Grain Hay TDN*” Ib. gain‘ 








(lb.) (1b.) (Ib.) (Ib.) (1b.) 
A—-Hay free-choice, grain 4 Ib. daily 
maximum 516.0 189.0 260.8 350.0 2.43 
B—Hay free-choice, grain restricted 514.0 119.4 245.9 292.4 2.48 
C—-Hay free-choice, grain 4 lb. daily 
maximum plus inoculations 501.0 177.7 258.7 338.5 2.58 
D—Hay free-choice, grain restricted 
plus inoculations 473.4 134.8 281.4 314.5 2.55 





*Caleulated from Morrison’s (14) tables. 

"The difference between the restricted and unrestricted grain-fed calves was significant 
at the 5% level. 

“None of these differences was statistically significant. 
consumed significantly less (P = 0.05) caleulated TDN (74) than calves allowed 
up to 4 lb. of grain per day. The inoculated calves consumed an average of 
2 lb. more grain and about 17 lb. more hay per calf than the animals not receiv- 
ing rumen material. These differences were not significant. Analysis of vari- 
ance revealed no significant differences in efficiency of feed utilization (ealeu- 
lated TDN per Ib. weight gain) between treatment groups. 

In Figure 1 are presented the mean changes in blood glucose levels. No treat- 
ment effects were observed. There was a sharp drop from the first to the third 
week followed by a levelling-off period, which extended from the third to the 
seventh week. Another sharp drop occurred from the seventh to the 11th week 


of age, after which the blood glucose appeared to stabilize around 50 to 55 mg. %. 


DISCUSSION 


Restricting the grain intake by feeding only one-half (by weight) as much 
grain as hay consumed depressed daily gains, increases in wither height, and 
increases in barrel and chest circumferences. All of these differences, except 
those associated with wither height, were found to be nonsignificant. The 
body weight data agree essentially with those of Holter (11), who reported that 
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Fig. 1. Mean changes in blocd glucose. (A= control, B= grain restricted, C = control 
ration plus inoculations, D = grain restricted plus inoculations. ) 


calves on high-roughage rations made lower body weight gains than control 
calves during a 16-week feeding period. Since .o significant differences were 
noted in the pounds of TDN consumed per pound of gain (Table 2), it is indi- 
cated that the calves utilized the high-roughage ration as efficiently as the 
ration containing a larger proportion of grain. 

The observation that the unrestricted grain-fed calves made significantly 
greater increases in height at withers than the restricted calves, but did not 
differ significantly with respect to weight gain, heart girth, or barrel cireum- 
ference, is difficult to explain. Several possibilities exist. In view of the work 
by Conrad et al. (3) and Hibbs ef al. (8), the apparent greater skeletal develop- 
ment of the unrestricted calves may have been due to increased intakes of 
(ligestible energy and protein. Llowever, there is no good reason to believe that 
such a condition would affect only skeletal development and not result in an 
increase of soft tissue. Another possibility is that since the restricted calves 
did not receive any grain until they were consuming at least one-half pound 
of hay per day, these animals may have suffered from an insufficient intake of 
phosphorus and/or a ecaleium-phosphorus imbalance during early life. Since 
some of the hay used in this study was of inferior quality, it appears reasonable 
to assume that it was deficient in phosphorus content. Thus, the major source 
of this mineral for the calves restricted in grain intake was the milk. The like- 
lihood that one or more of the minor elements may have been involved can not 
be completely eliminated ; however, since our knowledge of the animal’s needs 
for these minerals and their specific function in the body is so meager, no defi- 


nite statement can be made concerning them. 
Results of this study show that rumen inoculations did not increase growth 
rate or efficiency of feed utilization in young calves. These are in general 
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agreement with the results of the Cornell workers (11, 16) and with the work 
of Ackerman and Fike (1). On the other hand, these results may be considered 
to be at variance with the observations of the Ohio workers (19), who reported 
that calves receiving fresh cud material from mature, healthy animals exhibited 
a better physical appearance than uninoculated calves. 

It is reasonable to assume that if mature types of organisms could be estab- 
lished in the young calf by rumen inoculations, the calf could make better use 
of high-roughage rations and thus make more economical gains. Recently, 
Bryant and Small (2) have shown that inoculation of calves raised under 
practical conditions may hasten the development of rumen protozoa, but has 
little or no effect on the development of bacteria typical of the mature rumen. 
It appears that under practical management conditions the voung calf becomes 
inoculated naturally at an early age by direct contact with older animals, 
through the ingestion of feed and water, through its bedding, and_ possibly 
through certain air-borne organisms. 

The decline in blood glucose during the first ten to 11 weeks is interpreted 
as being due, in large part at least, to the effects associated with the functional 
development of the reticulo-rumen as suggested by MeCandliss and Dye (12). 
Thus, since no treatment effects were observed, it is indicated that neither the 
early consumption of roughage nor rumen inoculations had any effect on hasten- 
ing this development. 


SUMMARY 


Thirty-two new-born dairy calves were used in studying the effects of a high- 
roughage ration and rumen inoculations on growth and development. The 
experimental treatments were imposed through four months of age. 

The control calves gained an average of 1.21 Ib. daily; those restricted in 
erain feeding, 0.99 lb.; those fed similar to the controls and inoculated, 1.11 
lb., those restricted in grain feeding and inoculated, 1.04 lb. None of the dif- 
ferences between groups were statistically significant. Restricting the grain 
intake resulted in a significant (P = 0.01) decrease in the height at withers, 
but had no essential effect on chest or barrel circumference. Rumen inoculations 
had no significant effect on height at withers or on chest or barrel cireumfer- 
ence. 

No significant differences were observed in efficiency of feed utilization 
(calculated TDN per lb. body weight gain) between treatment groups; however, 
the calves limited in grain intake consumed significantly less (P = 0.05) TDN 
than calves allowed up to four pounds of grain daily. Restricting the grain intake 
did not materially affect the consumption of roughage. The inoculated calves 
did consume slightly more roughage than the uninoculated animals; however, 
the difference was not significant. 

The development of the reticulo-rumen, as judged by the decline in blood 
glucose, was not affected by the amount of roughage in the diet or by rumen 
inoculations. 
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The proportion of cereals with poor quality hay did not affect the 
amount of cellulose digested, and protein-rich feeds were interchangeable 
in protein-rich rations without affecting digestion. Aureomycin depressed 
cellulose digestion. Hditor. 











Effects of various nutrients and feedstuffs on the in vitro digestion of cellu- 
lose by rumen microorganisms have been investigated (1-7, 10, 17-19). In most of 
these studies, only the effects of single feedstuffs on cellulose digestion were 
tested. Since it was established that the kind of feedstuff affected cellulose diges- 
tion, it seemed possible that different complementary effects might result with 
various combinations of feedstuffs. It seemed probable that such findings might 
be important in formulating practical rations and in interpreting feeding results 
that disagree. This research was initiated to study these problems in vitro with 
feed combinations used in dairy cattle feeding. 

One of the investigations on various feedstuff combinations which seemed 
to be indicated was adding aureomycin in duplicated trials, because it has been 
shown to depress cellulose digestion in vitro (17, 17, 18). Radisson (17) found 
that this inhibitory effect of aureomycin was considerably greater when 
filter paper was the source of cellulose than when alfalfa hay, bromegrass hay, 
or prairie hay was used. Radisson conjectured that aureomycin increased the 
requirement of rumen bacteria for a factor(s) not normally needed, or needed 
in much smaller quantities, for cellulolytic activity in the absence of aureomycin. 
Alfalfa hay, the ash of alfalfa hay, grain, urea, and soybean oil meal were found 
to be good sources of this factor(s), because these materials reduced or reversed 
the inhibitory effect of aureomycin on digestion of cellulose in vitro. This study 
was planned to ascertain the combinations of grains and protein-rich feeds used 
in practical feeding that would be most effective in overcoming the depressing 
effects of aureomycin on cellulose digestion. Also, it was hoped that aureomyein 
would accentuate any differences among rations by imposing a stress on micro- 


organisms. 


Received for publication September 28, 1956. 
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EXPERIMENTAL PROCEDURE 


The miniature artificial rumen and technique deseribed by Huhtanen ef al. 
(9) and modified by Radisson (17) were further modified for these experiments. 

As used in this study, the miniature artificial rumen (Figure 1) consisted 
of dialysis tubing * 15/16-inch wide and 12.5 em. long. This tubing was tied at 
one end with a string to form a sae into which the substrate and the rumen fluid, 
This sac was then suspended in an 8-oz., wide- 


used as inoculum, were placed. 
of McDougall’s syuthetie saliva 


mouth jar containing approximately 100 ml. 
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Fig. 1. Unassembled miniature artificial 
dialysis sac and then into the No. 10 rubber stopper, 
stopper. The No. 10 rubber stopper is inserted into the 





DIALYSIS SAC 


rumen—The glass insert is inserted into the 
so that the upper end of the sae extends 
about 44-inch above the 8-oz. jar 
and the gas release mechanism inserted into the glass insert. 


(12). The jar was inserted with a No. 10 rubber stopper having a hole 16 mm. 
into which was inserted the open end of the fermentation sac. The 


in diameter, 
3 long and 16 mm. in 


sac was kept in place by inserting a glass tube about 3 em. 
diameter into the portion of the sac within the No. 10 rubber stopper. This glass 


Thomas Company, Philadel- 


Dialysis tubing No. 4465—A2, obtained from the Arthur H. 
phia, Pa. 
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tube was fitted with a No. 1 rubber stopper in which was inserted a capillary 
tube 3 em. long with a 1-mm. bore. A 2-inch length of rubber tubing with pinch 
clamp was attached to the capillary tube, to permit the manual release of gas 
at various intervals during the fermentation period. The No. 10 rubber stopper 
also was fitted with a 7-mm. capillary tube which served as an air escape, so as 
to equalize differences in air displacement which develop after the rubber stop- 
pers are installed. 

To emphasize any differences in digestibility which might result from addi- 
tions of certain feedstuffs in various proportions, prairie hay of poor quality 
was used as the test roughage. Protein content of the rations was standardized 
calculated from Morrison (15), pp. 1086-1131] by adjust- 
The 
proportion of 500 mg. of prairie hay to 200 mg. of concentrate mixture was used 


to 18% erude protein 





ing the quantity of protein supplement incorporated into the mixtures. 


in the substrate, upon the assumption that an average dairy cow would be fed 
a somewhat similar proportion of hay and grain. Except for the first trial, the 
cellulose content of these feedstuff mixtures was standardized by additions of 
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finely ground filter paper. The substrates consisting of prairie hay, grains, and 
filter paper were ground to pass through the fine sereen (0.5-mm. mesh) of a 
Wiley mill. 

After about 30 hours of incubation at 38° C., the contents of each artificial 
rumen were analyzed for cellulose (8), and the amount digested was considered 
to be the difference between that which was found after incubation and that 
which was present in control samples of feed before incubation. 

Four trials were conducted with the artificial rumen. Each of these trials 
included 64 artificial rumens which contained 16 different combinations of feed- 
stuffs in duplicate without aureomycin, and the same combinations in duplicate 
with aureomycin. Each of the four trials was distinctive only in that it was not 
possible to run more than 64 artificial rumens simultaneously. The various com- 
binations of feedstuffs tested in Trials I, I], II], and IV are shown (Figures 2, 
3, 4, and 5). 

When a single cereal grain was combined with a single protein-rich feed 
(Trial I, Figure 2), the proportion of one to another was determined by the 
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und cottonseed meal—with and without to each combination. 
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weight of each required to make a ration containing 18% protein. The proportions 
(by weight) of each are shown (Figures 3, 4, and 5) for the concentrate rations 
that contained more than one cereal grain and by-product. Again, in each of 
these rations the proportion of protein-rich feed used was the quantity required 
to standardize each to 18% protein. When the concentrate ration included more 
than one protein-rich feed (Figures 4 and 5), the proportions of protein-rich 
feeds were equal by weight. 

In Trial I, the quantity of aureomycin used was 0.2 y per milliliter of rumen 
liquid. A similar concentration of aureomycin was placed in the synthetic saliva 
outside the sac. The concentration of aureomycin was increased to 0.5 y per milli- 
liter of rumen liquid in Trials If and III, and to 2.0 y in Trial IV, to place even 
greater stress on the microorganisms. 


RESULTS AND DISCUSSION 


The mean difference between duplicates of 128 cellulose digestions was 1.2 
percentage points with a standard error of + .07. Thus, good reproducibility 
of the results obtained with the artiflcial rumen technique was demonstrated. 

Effects of various combinations of feedstuffs on cellulose digestion (without 
aureomycin). The cereal grains, other than corn, were less constant in the rate 
of cellulose digestion than corn, occasionally being more efficient, but generally 
less efficient, than corn (Trial I, Figure 2). Therefore, nutrients required by 
rumen microorganisms to balance deficiencies of various protein-rich feeds appear 
to be found more uniformly in corn than in cats, milo, or barley. 

Also, in the same trial linseed meal, when combined singiy with each of the 
cereal grains, resulted in generally greater microbiological digestion of cellulose 
than any other single protein-rich supplement. Mixtures containing soybean oil 
meal ranked next in this respect. 

Results in Trial I indicate that single cereal grains plus any of the protein- 
rich supplements affect the microbiological digestion of cellulose to different 
extents. This may be important in feeding certain combinations of feedstuffs 
and supplements. 

Combinations of two or more cereal grains or by-products plus soybean oil 
meal exhibited less fluctuation, in per cent of cellulose digested (Trial IT, Figure 
3), than when single combinations of these feedstuffs were tested (Trial I, Figure 
2). Therefore, higher numbers of feedstuffs in the combinations tested appear 
to supply a more adequate balance of nutrients required by the microorganisms 
which digest cellulose. Altering the proportion of any of the cereal grains or 
by-products had no consistent effect on the per cent of cellulose digested. This 
substantiates the equality of combinations of two or three cereal grains or by- 
products, with a protein-rich feed, in their influence on cellulose digestion. 

Digestion of cellulose was uniform when combinations of linseed meal and 
certain cereal grains were tested (Trial III, Figure 4). Increasing the proportion 
of cereal grain in certain mixtures did not alter the per cent of cellulose digested. 
Krom the results of this trial, it is also indicated that the protein-rich feeds herein 
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tested can be interchanged in mixtures of protein-rich feeds without affecting 
the digestion of cellulose by rumen microorganisms in an artificial rumen. 

The similarity in value found in Trial IIL (Figure 4) for the combinations of 
certain protein-rich feeds with various cereal grains tested was also found to 
apply to the mixture tested in Trial IV (Figure 5). 

Burroughs et al. (7) and Ruf et al. (19) found that soybean oil meal or linsee:1 
meal stimulated in vitro cellulose digestion of a type of pure cellulose by rumen 
bacteria to a greater extent than cottonseed meal, when these protein-rich feeds 
were tested alone in the presence of some basic constituents of available nitrogen 
and minerals. In the study reported here, this was evident when these protein- 
rich feeds were incorporated into feed mixtures containing prairie hay and corn, 
milo, or barley (Figure 2). 

The equally good milk production reported by Nevens (16), which resulted 
from single protein supplements as compared with mixtures of them, corresponds 
to the results obtained here, when fairly similar combinations were compared 
for microbiological digestion of cellulose (Figures 4 and 5). 

Simple grain mixtures containing one cereal grain and one protein-rich feed 
did not result in such consistently high percentages of cellulose digested (Figure 
2) as those found with more complex mixtures (Figures 3, 4, and 5). This does 
not appear to correspond to the equality of simple grain mixtures, when com- 
pared with complex mixtures for milk production, as reported by Monroe and 
Krauss (13, 14). This might suggest that the nutritive value of certain feedstuffs 
cannot be derived entirely by the microorganisms responsible for the digestion of 
cellulose. 

Associative effects of the various grain mixtures appear to be lessened as 
the number of grains in the mixture are increased after two cereals are included. 
This absence of associative effect with mixtures of three or more grains supports 
the conclusions of Watson ef al. (20, 27, 22) which are based on in vivo diges- 
tibility studies. Also, Ruf et al. (19) found no associative effect on in vitro cellu- 
lose digestion when the effects of single feedstuffs added to wood cellulose, urea, 
and minerals were compared with combinations of two of these feedstuffs. 

Effects of various combinations of feedstuffs on cellulose digestion in the pres- 
ence of aureomycin, The addition of 0.2 y aureomyein per milliliter of rumen 
liquid generally depressed the digestion of cellulose with most of the combina- 
tions of feedstuffs tested (Trial I, Figure 2), as compared with the same feed- 
stuffs without aureomycin. There were a few increases in cellulose digestion re- 
sulting from the addition of aureomycin at this level, in mixtures containing 
raw soybeans and either corn, oats, or barley, and in the mixtures containing lin- 
seed meal and milo, or cottonseed meal and barley. However, these differences were 
so small that they could be of only minor significance. 

The increased quantities of aureomyein added in Trials Il, LLL, and IV (Fig- 
ures 3, 4, and 5) caused a comparatively uniform reduction of the per cent of 
cellulose digested in the presence of each of the combinations or proportions of 


ingredients tested. Therefore, the combinations and proportions of feedstuffs 
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tested in these trials might be assumed to be of equal value for microbiological 
digestion of cellulose under the conditions of stress imposed by the aureomycin. 


SUMMARY AND CONCLUSIONS 


Combinations and proportions of cereal grains and protein-rich feeds (all 
standardized to 18% protein) with prairie hay were tested for their effect on 
the in vitro rumen microbiological digestion of cellulose, both with and without 
aureomycin added. 

Simple mixtures of single cereal grains with single protein-rich feeds added to 
prairie hay were found to differ in percentage of cellulose digested. Mixtures 
containing corn in combination with several single protein-rich feeds fluctuated 
less in percentage of cellulose digested than any other mixture of a single cereal 
with a single protein-rich supplement. When mixtures of certain feedstuffs 
containing three ingredients were used, the percentage of cellulose digested was 
as high as for mixtures containing a greater number of feedstuffs. 

Certain feedstuffs included in mixtures of three or more ingredients appear 
to be interchangeable, as measured by their effects on the per cent of cellulose 
dligested. Altering the proportion of certain cereal grains in the mixtures tested 
did not affect the percentage of cellulose digested. 

Apparently, protein-rich feeds can be interchanged in mixtures of protein- 
rich feeds without affecting the digestion of cellulose by rumen microorganisms 
in an artificial rumen. 

Aureomycin, with the respective levels used, was found to depress cellulose 
digestion to a similar extent with all but a few of the mixtures tested. As the 
concentration of the antibiotic was increased, digestion of cellulose decreased 
with all of the mixtures tested. With a few feed combinations, a low level of 
aureomyecin increased slightly the digestibility of cellulose, but differences were 
so small that they could be of only minor significance. 
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PROTEIN PRODUCTION IN THE BOVINE. 
DAILY PRODUCTION OF THE SPECIFIC MILK PROTEINS 
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The synthesis of a-casein, @-casein, a-lactalbumin, and £-lactoglobulin 
was mutually related and reached a maximum level about five days after 
parturition. The daily levels of these proteins were unrelated to those of 
y-casein, the immune globulins, and milk serum albumin. Maximum protein 
synthesis occurred about five days after parturition; that of fat, lactose, 
and total milk volume required abovt one month. Fditor. 











In recent years, the major specific proteins of bovine skimmilk have been 
isolated and characterized. Casein is composed of three components designated 
as a-casein, B-casein, and y-casein. Five major components, the immune globulins 
(immune euglobulins and pseudoglobulins), a-lactalbuinin, B-lactoglobulin, and 
milk serum albumin, together comprise up to 85% of the serum (or whey) pro- 
teins. These major proteins account for about 97% of the total protein of skim- 
milk (3). 

The biological and technological importance of each of these proteins have 
prompted an investigation of their production by the dairy cow. In this con- 
nection, studies reported from this laboratory have shown that there are differ- 
ences between the various breeds of dairy cows in their relative production of 
the individual proteins (10). The daily production of total casein and the milk 
serum proteins also has been compared with that of fat and total milk during 
the entire lactation period (7). The studies reported herein describe the daily 
production levels of the individual proteins comprising casein and the serum 
proteins during the entire lactation period. 


METHODS AND PROCEDURES 


In order to clarify some of the current confusion in terminology, a review 
and comparison of the older and newer nomenclatures of the milk proteins have 
been made recently (3). It should be noted that B-lactoglobulin is the major 
constituent and a-lactalbumin and milk serum albumin are the smaller con- 
stituents of the classical ‘‘lactalbumin’’ fraction. The immune globulins com- 
pose the majority of the classical ‘‘lactoglobulin’’ fraction. Typical electro- 
phoretic patterns of total casein and of the total milk serum proteins are 


Received for publication October 25, 1956. 
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Fig. 1, Electrophcretie patterns of the milk proteins. (Sodium veronal buffer, pH. 8.6, 
0.12 M, ionic strength of 0.1, field strength of 7.8 volts per square centimeter, 1.2° C., 5,580 
seconds. Protein concentrations were about 1.5 and 2.3%, respectively, for the casein and 
the serum protein solutions. ) 


shown (Figure 1). The three casein components and the five major serum 
protein components are evident. Components 1 and 2 of the serum proteins 
together constitute the immune globulins (euglobulins and pseudoglobulins, re- 
spectively) ; whereas, the other major components (a-lactalbumin, 4; B-lacto- 
globulin, 6; and milk serum albumin, 7) are single peaks. Components 3, 5 
and 8 constitute proteins as yet unidentified, or part of the classical ‘* proteose- 
peptone’’ fraction. Also, some proteins probably are present with the same 
mobility as the four major components, but are obscured because of their low 
concentration. 

Since the intricacies of the electrophoretic analysis procedure limit. the 
number of samples that can be analyzed, an intensive study was made with a 
few animals instead of making an incomplete study on many animals. 

Background data for the eight cows studied are shown (Table 1). The 
production of the individual casein proteins by two of these animals (C and D) 
and the individual serum proteins by three of the animals (B, C, and D) will 
be considered through one lactation period of about 330 days. Cow A aborted 
at 267 days and was dropped from this experiment at that time. Cows E 
through H were studied during the first three months of their lactation periods, 
to establish more precisely the production of the individual casein and serum 
proteins at the beginning of the lactation period. 

The calves were confined immediately after birth and were not permitted 
to nurse. The colostrum or first milk was removed by hand-milking, weighed, 


and an aliquot taken for analysis. Samples were taken from each milking for 
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TABLE 1 


Parturition history for the experimental animals 








Month 
of Age at Previous 

Cow No. Breed parturition parturition calves 

(mo.) (No.) 
d Holstein November 26 0 
B Guernsey December 89 5 
c Guernsey January 27 0 
1) Holstein February 83 4 
k Ayrshire July 40 1 
F Holstein August 40 ] 
G (Juernsey August 46 1 
H Holstein September 70 3 





the first week of lactation, and then at less frequent intervals during the re- 
mainder of the lactation period. The morning and evening milks for each day 
were warmed to 37°C. and before analyzing were composited according to 
weight. 

Solutions of casein and the serum proteins were prepared for the electro- 
phoretic analyses from skimmilk according to previous procedures (5, 10). 
These involve two precipitations of the casein at pH 4.65 with washing and 
dialysis and concentration of the serum protein solution. It was found necessary 
to dilute the first few samples after parturition with one or two volumes of 
distilled water, in order to precipitate the casein completely. 

Total protein, casein, serum protein, and nonprotein nitrogen were evaluated 
on all of the milk samples according to the procedures of Rowland (11). 
Recovery of the protein in the actual electrophoretic solutions was equivalent 
to 93 to 97% of the total nitrogen present in each of the Rowland casein and 
serum protein fractions. Thus, the protein present in the electrophoreti¢ solu- 
tions represented effectively the protein present in the original skimmilk (35). 

Electrophoretic analyses in this investigation were done as previously de- 
scribed (4, 5) with the same conditions as specified in Figure 1. The total area 
of the electrophoretic patterns for the serum proteins was divided into four 
areas representing the four major components. Thus, in addition to the usual 
electrophoretic anomalies, the absolute amount and the percentage composition 
ascribed to these components may be too large. For example, minor components 
with the same or near the same mobility as B-lactoglobulin are also included in 
its total (5). In addition, components are present in the first milkings after 
parturition which do not occur normally in milk or do so in small quantities. 
Thus, on the day of parturition, correction has been made for an unknown 
component with a mobility close to that of B-lactoglobulin. In a similar manner, 
correction has been made also for a component of casein with a mobility between 
that of a- and B-casein. This latter component has been noticed also in normal 
casein of mid-lactation, where its concentration is usually less than 1% of the 
total casein. 

Data (Table 2) show the effect of the concentration of protein in the electro- 
phoretic solutions on the relative area ascribed to each component. The apparent 
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TABLE 2 
Ejffeet of protein concentration used in the electrophoretic 
analysis on relative area ascribed to the 
various components 





Protein concentration (g/100 ml.)* 





Protein 
conponent O.5 1.0 15 2.0 2.5 3.0 





(C- of area due to each component) 


Casein: 

a-Casein 59.7 65.8 66.3 64.0 
8-Casein 309 28.4 28.6 28.4 
y-Casein 11.9 5.6 5.3 5.1 


Serum proteins: 


Immune globulins 13.6 10.5 9.9 9.4 9.1 
a-Laetalbumin 18.8 21.0 19.0 18.3 18.2 
8-Laectoglobulin 62.9 65.0 67.5 69.2 70.7 
Milk serum albumin 4.7 3.5 3.8 3.) 2.0 





“These concentrations represent the levels at which a standard solution of casein and 
the serum proteins were diluted with veronal buffer and analyzed in the electrophoretic ap- 
paratus, under the conditions specified in Figure 1. 





concentration of y-casein in the dilute solution and of -lactoglobulin in the 
concentrated solutions appear anomalous. Thus, for uniformity all of the 
samples were analyzed at similar concentrations to make direct comparison 
possible, and the data reported in this paper are for casein solutions of 1.5 to 


2.0% and for serum protein solutions of 2.0 to 2.5%. 


RESULTS 


The curves in Figures 3 and 6 show that the maximum daily production 
of a- and B-casein was reached about five days after parturition. The total 
production of a-casein was larger for some of the cows on the day of parturition ; 
however, the decreased production on the first or second day, with the increase 
to the maximum in a few days, suggests that the large yield on the day of par- 
turition was owing to that which had been stored in the mammary gland during 
the dry period. The daily production of a- and £B-casein, after reaching the 
maximum, then declined to the end of the lactation period, with a_ slight 
increase shown at the time of maximum milk yield. In contrast to this, the 
daily milk yield kept increasing to a maximum after a month and then started 
decreasing until the end of the lactation period (Figures 2 and 5). 

The daily production of y-casein did not follow that of a- and B-casein. It 
was more variable and high in the colostrum of all of the animals the first day 
after parturition. The daily production of y-casein by the Holstein cows 
remained high during the lactation period and did not decrease with the milk 
vield as much as a- and B-casein did. This caused a change during lactation 
in the y-casein content of the total casein of the Holstein cows, as is shown for 
one cow (Table 3). For comparative purposes, the casein composition for cow 
C (a Guernsey) which did not change much is also shown. Studies on breed 


and individual variations in the specific protein constituents of milk have 
shown that the mid-lactation milk of Holstein cows contains significantly more 
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TABLE 3 
Changes in the composition of the specific proteins of casein and the 
serum proteins during the lactation period 











Casein or Approximate day in lactation period * 
serum protein 
Cow No. component 0 30 100 200 300 330 
(% of total casein or serum proteins) 
Cc a-casein 73 65 67 67 69 70 
(Guernsey ) B-casein 19 380 380 30 27 27 
y-casein S 5 3 3 4 3 
immune globulins 70 11 i< 1S 15 19 
a-lactalbumin 21 23 20 19 17 15 
B-lactoglobulin 6 64 63 63 64 62 
serum albumin 3 4 5 5 t a 
I) a-casein 78 68 67 67 66 67 
(Holstein) B-casein 14 27 ae 26 26 20 
y-casein Ss 5 6 7 8 13 
immune globulins 82 15 15 18 18 25 
a-lactalbumin 4 26 23 21 20 19 
8-lactoglobulin 12 53 55 55 55 50 
serum albumin 2 6 7 6 7 6 





‘With the exception of the first day, all figures are averaged values of two or three com- 
posited daily samples, taken on days on or near the designated day. 


y-casein than the milk of the other four major dairy breeds (10). These differ- 
ences in y-casein production are apparently a reflection of a breed difference. 

Data (Table 3) show that the percentage of a-casein in the total casein 
remained quite constant during the lactation period after the first few days. 
This has been noted previously by MeMeekin (9). The percentage of B-casein 
in the total casein was lower in the first milkings, increased, and then for the 
Holstein cows decreased, as the percentage of y-casein increased. The relatively 
lower amount of £-casein in the first milking or two apparently reflects the 
fact that £-casein is absent or present in small amounts; whereas, there are 
always a- and y-casein present in the mammary glands of dry cows (8, 9). Thus, 
the high vield of total casein in the first milkings of some cows probably was 
caused by the accumulation of a- and y-casein in the mammary gland during 
the dry period. 

Production curves for the specific serum proteins are shown (Figures 4 
and 7). The daily production of a-lactalbumin and £-lactoglobulin follows 
closely that of a- and B-casein and suggests that a maximum in daily produe- 
tion also was reached in about five days after parturition; although, like 
a-casein, some of the animals had a higher total production on the day of par- 
turition. The £-lactoglobulin content of the serum proteins was relatively con- 
stant after the first few days. The Holstein cows had levels of around 50 to 
55% B-lactoglobulin ; whereas, the Ayrshire and the Guernsey cows maintained 
levels of around 60 to 65%. The lower amourt is apparently a characteristic 
of the Holstein breed (10). The a-lactalbumin composition of the serum pro- 
teins tended to reach a maximum about a month after calving and then decrease 
a little as the lactation period progressed. 
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Production curves for the immune globulins indicate that the total produe- 
tion was highest on the day of parturition, due mainly to an accumulation 
during the dry period (8), and that it dropped to the end of the lactation 
period. Near the end of the lactation period, the daily production of the im- 
mune globulins did not drop as rapidly as that of the other proteins. Since 
the daily milk yield starte | decreasing after the first month or so, the relative 
concentration of the immune globulins tended to increase in the milk and in 
the total serum proteins, even though no increase in the total amount secreted 
daily took place (see Table 3). 


Production curves for milk serum albumin reveal that, like y-casein and 
the immune globulins, the daily production fluctuated somewhat during the 
lactation period and in all cases the amount of milk serum albumin was highest 
in the milk on the day of parturition. On a protein percentage basis, however, 
the level present was about the same as in normal milk (about 1.0% of the 
total protein). The increased amount of serum albumin on the day of parturi- 
tion was probably that which had accumulated during the dry period (9). It 
should be noted that the cows tended to secrete more serum albumin, immune 
globulins, and y-casein in the colostrum than the first-calf heifers did. 


DISCUSS-ON 


Production curves suggest that there is a close similarity in the daily pro- 
duction of a-casein, B-casein, a-lactalbumin, and £B-lactoglobulin during the 
lactation period. Previous work has indicated that the amounts of these four 
proteins present in the mid-lactation milk of individual cows are highly corre- 
lated; whereas, there is little relationship between the amounts of these proteins 
and y-casein, the immune globulins, or milk serum albumin (10). These ob- 
servations suggest that a-casein, B-casein, «-lactalbumin, and £-lactoglobulin 
are proteins synthesized in close relationship to each other in the mammary 
gland. The more variability in the production of y-casein, the immune globulins, 
and milk serum albumin suggests that the amounts of these proteins present 
in the milk are dependent upon other factors. 


Askonas et al. (1, 2), by the use of radioactive tracers in goats and rabbits, 
have shown that total casein (containing only a trace of y-casein) and £-lacto- 
globulin are synthesized in the mammary gland from the free amino acid pool ; 
whereas, the immune globulins enter the gland in a bound or preformed state 
from the blood. This suggests by analogy between the species that a-casein, 
B-casein, and B-lactoglobulin are synthesized in the mammary gland, whereas 
the immune globulins are not. Since milk serum albumin is identical to the 
serum albumin of blood, it is probable that it also enters the mammary gland 
in a preformed state from the blood. Studies are now in progress in our labo- 
ratory to determine with C'™ tracers which of the major milk proteins of the 
bovine are synthesized in the mammary gland and which enter the gland in a 


preformed or bound state from the blood. 
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It is apparent from data of Figures 2, 3, and 4+ why previous studies on 
the protein composition of milk which have ignored the first part of the lac- 
tation period, or have used individual or composited weekly or monthly samples, 
have failed to appreciate how early in the lactation maximum protein synthesis 
is attained in the mammary gland (7). It is well known that the dairy cow 
tends to reach a maximum of production for total milk and fat about a month 
after parturition. Cows used in this study were normal in that respect. The 
low lactose content of colostrum and milk at the start of lactation, and the 
rather constant composition during the remainder of the lactation period, sug- 
vest that the same is also true for lactose. In contrast, these studies suggest 
that the cow is in full total protein production at the start of the lactation 
period, owing to proteins accumulated during the dry period, and actually 
reaches full synthetic production about five days after parturition. These 
observations have been summarized (Table 4), with the distinction being made 
between the days of maximum total production and of apparent maximum 
daily synthesis. The ability of the cow to reach a maximum synthesis of milk 


TABLE 4 


Comparison of the days of marimun production and of marimum 
mammary gland synthesis of the milk constituents 








Approximate day Approximate day 
Total milk or in lactation of in lactation of 

constituent of maximum production maximum synthesis 
Milk 30 30 
Fat 30 30 
Lactose 30 30 
Protein (total): 0 5 
a-ensein 5 5 
3-casein rs) 5 
y-casein 0 ? 
immune globulins 0 ? 
a-lactalbumin B) 5 
B-lactoglobulin 5 5 
serum albumin 0 ? 
nonprotein nitrogen 5 — 





proteins and at the same time to start replacing the immune globulins lost in 
the colostrum back into the blood serum (6), exemplifies the large amino acid 
requirements of the cow in the first few days of the lactation period. 


SUMMARY 


Recent advances in the knowledge of the milk proteins prompted a study 
of the daily production levels of the individual proteins during the complete 
lactation period. 

The daily production levels of a-casein, B-casein, a-lactalbumin, and £-lacto- 
globulin tended to be closely related to each other and attained a maximum 
about five days after parturition. Little relationship existed between the daily 
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production levels of these four proteins and those of y-casein, the immune 


elobulins, and milk serum albumin. 

These studies suggest that maximum protein synthesis is attained in the 
bovine mammary gland about five days after parturition, in contrast to the 
synthesis of fat, lactose, and total milk volume, whieh reaches a maximum 


about a month after parturition. 
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A significant seasonal effect on the metabolism of iodine by the dairy 
cow was shown with I™ in single and in continuous daily doses. In the 
spring, a stimulant appeared which increased the blood and milk levels 
of this element and the mammary gland concentrated it in the milk. Fditor. 











A marked seasonal variation in the iodine content of thyroids of beef cattle 
was reported by Seiden and Fenger (9) in 1913. Similar variations have been 
noted in thyroids of sheep and swine. In eattle, the lowest concentration was 
found during January and February. After these months the thyroids exhibited 
so marked an avidity for iodine that during June to November they contained 
three times as much of the element as during December to May. In sheep (3), 
the secretion of thyroxine was at a maximum in Mareh and was lowest in July, 
thus sugesting that the iodine content of the thyroid gland may be inversely 
related to secretory activity. 

In dairy cattle, the concentration of iodine in milk shows a marked seasonal 
variation (6), with a low being found during the late spring and a high during 
August. Other workers (2, 8) have agreed as to the marked variations in the 
iodine content of milk, but found the low iodine levels to occur from April to 
September and the peak concentrations from October to Mareh. These differ- 
ences among results of workers are hard to reconcile, The possibility of varia- 
tions in dietary iodine in the different seasons should be considered. 

In the experiments reported here, the effect of stage of lactation, and level 
of production, also the effect of season of the year on the amount of ['*! 
appearing in the milk and on the ability of the mammary gland to concentrate 
iodine in milk, have been noted. 
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EXPERIMENTAL METILODS 


Two groups of grade Jersey cows were used. One group was fed a low- 
iodine ration, to study the effect of lactation, pregnancy, and season on the 
uptake of I'! by the thyroid. These cows received each day about eight pounds 
of a 16-% protein dairy ration and all of the mixed hay they would consume. 
The daily iodine intake was approximately 3.5 mg. They were kept in box stalls 
and were allowed free access to water and noniodized salt. At the start of the 
test period each cow was given 100 ve of I! by intravenous catheterization. 
The milk was then collected for a period of one week and the radioactivity of 
the thyroids determined for two weeks. 

The second group of cows was kept in a separate shed and fed from four 
to 12 Ib. each of a commercial dairy feed (18% protein) and all the mixed 
hay they would consume. They were kept on this regime during their entire 
lactation. The iodine intake varied from 12 to 16 mg. per day. During the 
experimental period these cows were placed in metabolism stalls and dosed 
with five millicuries of I'*' either intravenously or orally. A feed balance and 
the collection of milk, blood, urine, and feces were carried out during the seven- 
day period after dosing. 

For determination of the ['' content of the samples, an accurately measured 
amount of each of the samples (from 0.5 of a ml. to 3 ml.) was placed in a 
16 X 150 mm. test tube and counted in a deep-well scintillation counter that 
employed a thallium-activated sodium iodide crystal. External thyroid counts 
were made using a scintillation probe designed by Monroe (7), that contained 
a thallium-activated sodium iodide crystal and was connected to a count-rate 


meter. 
RESULTS 


The concentration of radioiodine in the milk of three cows at three stages 
of the lactation period is presented (Table 1). From these results it appears 
that there is no consistent influence of stage of lactation per se, on either the 
total amount of iodine secreted or the concentration of iodine. The observa- 
tions are confounded by season, since even the shortest lactation was six months 
long. It should be noted that the lactations did not all start at the same season 
of the year. 

TABLE 1 


I’ content of milk of cows dosed several times during course of lactation 














Per cent of dose X 10* per 
ml. of milk 24 hr. after 














Tetal % in milk in 7 days dosing 
Stage of lactation Cow A H C A H C 
First third 16.36" 4.51" 4.65° 3.82 1.66 2.78 
Middle third 5.96 4.14 7.24 1.87 2.48 DAG 
Last third 10.78 6.20 3.85 7.09 : 4.11 





‘Normal iodine ration; lactation started May 31, 1954. 
"Low iodine ration; lactation started December 23, 1954. 


“Low iodine ration; lactation started January 2, 1955, 
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TABLE 2 
Effect of level of production and season of year upon the seven-day scerction of I into ilk 





January to Mareh 
Av. amount 
I in milk 


April to July 





Av. amount 
I in milk 


Observations 








(lb.) (No.) (%) ( No.) (%) 
Less than 15 5 5.17 5 5.54 
15 to 25 8 5.62 8 7.01 
?5 to 35 1 4.5] 3 13.17 
35 and over i) 1 7.5 


| @ 


A summary is presented (Table 2) of 30 observations made on 11 different 
cows over a period of nine months. The level of production did not have a 
striking effect on the total per cent of I! seereted in milk. Dividing the data 
into periods of collection revealed that at all levels of production more iodine 
was secreted in the milk during the months of April to July. In the five cases 
where comparisons were possible, it was noted in every instance that the effect 
of the advance of spring was to cause more of the I"! to be secreted in the milk. 
The average concentration of I'' in milk at 24 hours after dosing increased 
from 0.29- to 0.48-% of the dose per ke. 


nearly the same levels during these periods, a decrease in the level of pro lue- 


Since two of the cows proluced at 


tion may be disregarded as a significant factor in the differences. 

The data for the concentration of I'' in milk and in the thyroids of the 
(Table 3). 
there was a rise in the concentration of I"! in the milk, from a low value during 


low-iodine cows are summarized These indicate that in all cows 
January to a higher concentration in May, with this effect becoming apparent 
as early as March. 


no change in the rate of decline of the I"! content of milk. The I'*' concentra- 


A semi-logarithmie plot of the data for each cow showed 


tion decreased at the rate of 50 % every half-day. 

Thyroid counts were made coincidental with the milk collections. The values 
Three of the five animals had an 
increase in the I'*! Jevel in the thyroid from January to March. All 
exhibited a marked drop in the thyroid I™!' during May. A graphical plot of 


represent the maximum uptake exhibited. 


COWS 


the thyroid iodine uptake and release curves during this test indicated that the 
low thyroid levels in May were due to a failure to accumulate the ['*!, rather 
than to an inereased turnover rate. 


TABLE 3 
I’ concentration of milk collected five hours after intravenous injection of the radioactivity, 
and maximum thyroid accumulation of I°' of cows on a low-iodine ration 

















1-3-55 3-21-55 5-2-55 6-13-55 
Cow Milk Thyroid Milk Thyroid Milk Thyroid Thyroid 
(%dose/kg) (% dose) (%dose/kg) (% dose) (Ydose/kg) (% dose) (% dose) 
G ; 17.2 0.73 15.0 0.85 8.2 13.1 
H 0.43 15.9 0.77 20.0 0.78 ren 
C 0.32 29.9 0.44 21.0 0.66 ik 
I 0.43 16.6 0.46 23,3 0.55 9.9 
1D) 19.4 1.06 24.6 re seseee 


0.78 
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TABLE 4 


Effect of seasonal influence upon secretion of iodine in milk ”® 











i cone. 











Total 24 hour cone. of milk 
Daily Fr” in — . —_—— 
Date of milk milk in L'™ cone. 
Cow trial yield 7 days Milk Blood of blood 
(Ib.) (% of dose) (% dose X 10°-*/ml) 
A 20 6.0 2.42 2.49 0.97 
B 11 5.8 4.17 3.19 232 
A 20 6.8 2.54 23 1.10 
B 11 6.6 3.88 3.52 1.10 
B 11 5.4 3.44 3.66 0.94 
C 18 4.1 2.48 2.30 1.08 
DD 15 6.6 3.66 2:77 1.32 
Kk 15 6.0 2.76 1.42 1.94 
A 13 10.8 6.86 3.23 2.12 
E 15 6.8 3.20 1.42 2.25 
ys 44 7.5 1.95 1.35 1.44 
by 10 6.2 3. 1.64 2.31 
A S 12.3 8. L.S7 5.55 
A 30 16.4 3. 
A 24 6.5 ZS 











mental values as the values for the median time between sample collections. The 24-hour 
concentrations were then rend from the graph. 


Cows receiving a daily intake of about 15 y of iodine also demonstrated the 
seasonal effect. A chronological compilation of the data from July, 1954, to 
June, 1955, is presented (Table 4). These data show that the seasonal effect 
cloes not merely cause more of the I"! to appear in the milk but, more important, 
it changes the mode of handling of blood iodine by the mammary gland. In 
order to put this effect into numerical terms, the concentration of I'!' in the 
milk 24 hours after dosing was divided by the concentration of I’! in the blool 
at this time. It was evident that the mammary gland actively concentrated 
iodine in milk during late spring. 

The milk and blood concentration curves for Cow A are presented (Figure 
1) for the seven-day experimental periods during January and May. All values 
for milk have been corrected for time of secretion, to prevent depicting a time- 
lag phenomenon. During January the milk and blood curves were nearly 
identical and diverged only during the last few days of the trial. Analysis 
at Day 1 showed that less than two per cent of the blood I!" was protein- 
bound. This fraction increased gradually during the trial until at Day 7, 
48% of the activity was associated with the protein. If it is assumed that 
this I'*! was unavailable for milk production, then this would explain the 
livergence of the milk and blood disappearance curves. 

During May the milk concentration of ['*' greatly exceeded that of the 
blood, but these amounts tended to converge somewhat toward the end of the 
experiment. In this trial the P.B. I'*! rose from four to 38%. 


‘ 


Figure 2 is a similar plot of the data collected on Cow C. The low-iodine 


ration was probably responsible for the rapid appearance and large proportion 
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Fig. 1. Comparative concentrations of radioiodine in the blood and milk of Cow A iat 
two different seasons. 


(about 60% ) of bound iodine in the blood, and resulted in a slow rate of disap- 
pearance of I™'. During May the concentration of radioiodine in milk exceeded 
that in the blood, as with Cow A. After the second day the protein-bound 
iodine accounted for nearly all of the blood I"™', 

The feasibility of using daily doses of I'*! to label all of the body iodine 
uniformly has been reported (5). In those experiments it was found that milk 
and blood concentrations of I'' became nearly constant after seven days of 
oral doses in February, but 11 daily administrations were required to achieve 
this result in April. At the latter period, increased concentrations of I"! in 
the blood, milk, and thyroid were noted. 


DISCUSSION 


These experiments have indicated that as the season advanced from late 
winter to early summer a change occurred in the metabolism of iodine by the 
dairy cow. This influence was so pronounced that it obscured the possible 
effects of stage of lactation or level of production on the amount of iodine 
appearing in the milk. Iodine content of the thyroid is low (9) during late 
winter, possibly due to an increased rate of secretion of thyroxine at this time 
(3). The thyroid is very active, as evidenced by a high uptake of I'*' (Table 
3). The metabolic need for iodine, presumably for thyroid hormone production, 
deereases the amount of inorganie iodine in the blood, which aecounts, in part, 
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two different seasons. 


for the low milk I'' values seen at this time. As shown by these data (‘Tables 
2, 3, 4), with the onset of spring the concentration of I"! increased in the blood 
and milk, and the thyroid tended to accumulate more radioiodine than in winter. 
bv May, or late spring, the rate of accumulation of new iodine (Table 3) by 
the thyroid had decreased, possibly because of near saturation, while the ['*! 
concentration in the milk increased. The same effect was observed in the July 
but not in the October experiment. 

These results are supported by the findings of Matthews ef al. (6), in Ohio, 
that cow’s milk is lowest in iodine in late spring and highest in August. The 
thyroid data agree well with the findings of Seiden and Fenger (9), that cattle 
thyroids contain three times as much iodine from June to November as from 
December to May. 

The rise in milk I"! with the advance of season was not due solely to the 
lowered metabolic need for thyroid hormone production. The data (‘Table 4) 
clearly indicate that the mammary gland actively concentrated iodine to put into 
the milk during the spring-summer season; whereas, it had little tendency to 
do this during the winter. The explanation for this activity of the mammary 
gland is not apparent from these experiments. This concentrating ability is 
not so marked as that observed in the human and in the dog. Both of these 
species show an ability to concentrate iodine in milk by a factor of 30 over the 


blood iodine (7, 10), seemingly independent of season. Cow A showed a milk 
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level of I'*! in May that was only five times that of the blood, whereas in January 
milk and blood levels of I'*! were equal. 


SUMMARY 


A significant effect of season on the metabolism of iodine by the dairy cow 
was demonstrated, using I'*! in single doses and in a continuous daily dosing 
study. With these techniques it was determined that there is a stimulus that 
coincides with the onset of spring which causes the blood and milk levels of 
iodine'*! to increase. The mammary gland also exhibited a marked tendeney 
to concentrate iodine in the milk with the onset of the seasonal effect. 
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DETERMINATION OF THE SOLIDS IN MILK BY A 
LACTOMETRIC METHOD AT 102° F.! 
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A formula is presented for calculating the solids in milk from the fat 
percentage and the lactometer reading at 102° F. The average deviation 
from the gravimetric method was + 0.05% total solids and the standard 
error for 99 samples of individual cow’s milk was + 0.13%. For 101 
samples of herd milk, the average deviation was — 0.006%, and the stand- 
ard error > 0.09; total solids. Hiditor. 











Formulas for calculating the percentage of total solids and solids-not-fat in 
milk have been studied in the United States and abroad for many years. More 
than 60 different equations for computing the relation between the fat content 
and specifie gravity and the solids of milk have been submitted by investigators. 
These equations appear to give reliable estimates of milk solids only when applied 
to data from which they were derived. Many researchers have substituted con- 
stants and corrections in the basie equations, in order to make the computed 
values agree with the experimental ones. The different constants, corrections, 
and divergencies in the calculated values have caused confusion and doubt con- 
cerning the fundamental reliability of the method. Comprehensive reviews and 
studies of the various formulas and techniques are available (7, 8, 9, 10, 20). 

The lag in the development of a more satisfactory method may be due to 
the emphasis that has been placed for many years on the fat content of milk 
as the basis for paying producers. The growing importance of the nonfat milk 
solids in the economy of the dairy industry has made it urgent to have a quick 
and economical method for determining milk solids, which would be comparable 
in speed and accuracy to the Babcock test for fat. Hence, an intensive study 
was made to develop a practical method for determining milk solids, which 
would avoid the difficulties previously encountered. 

This method has been reported (78). In the present paper, the sources of 
error, experimental results, and lactometer design are considered in more detail. 


FORMULA FOR CALCULATION OF MILK SOLIDS 


An algebraic equation was derived from the theoretical equation (19) for the 
calculation of the solids from the lactometer and the Babeock fat determinations. 
The constant (0.31) of the original formula was increased to 0.4 to compensate 


Received for publication April 2, 1956, 


*This work was done with funds delegated by the Agricultural Marketing Service. 




















A LACTOMETRIC METHOD FOR MILK 395 


for a change in the calibration of the lactometers, which was made later by 
the National Bureau of Standards: 


% TS. = 133 F +282 __ 940 
7 ee Pee L + 1000 
F = Babcock fat “% L = Lactometer reading in degrees 


The nonfat solids may be found by using 0.33 F instead of 1.33 F, or by sub- 
traction of the fat percentage from the total solids percentage. The total solids 
of skimmilk samples can be calculated by dropping the constant (0.40) from 
the formula. 


SOURCES OF ERROR 


A review of previous methods has indicated that unsatisfactory results are 
owing largely to two causes. One error is the indefinite physical state of milk 
fat at 60° F., the temperature in general use for the lactometer readings. The 
uncertain degree of solidification of fat at this temperature makes it unlikely 
that consistent values can be obtained. That the fat should be in a uniform 
physical state for the test has been known for many years, but solution of the 
problem has been slow. Various workers have preheated the milk samples to 
104° F., or even as high as 113° F., and then eooled them to 60° or 86° F. before 
reading the lactometer (2, 11, 17). 

A second error is the general use of unsuitably designed and inaccurately 
calibrated lactometers. Many in use have not been tested for accuracy and have 
not been satisfactorily checked; few have been certified for accuracy by the 
National Bureau of Standards. 

The literature indicates that it is common practice to check the calibration 
of lactometers in solutions of acid, salts, or sugars, which have a surface tension 
considerably higher than that of milk. A survey of commercial lactometers in- 
dicated none was entirely suitable for accurate milk-solids determinations. 
The practical types were so coarsely graduated that readings of the required 
precision could not be made, and the finely graduated instruments were too 
fragile for general use. Almost all types examined were found to have inaccurate 
seales, compared with lactometers which had been calibrated by the National 
Bureau of Standards. Invariably, no mention is made of any correction for 
differences of surface tension and of the meniscus, which can cause appreciable 
errors in evaluating the various formulas for ealeulating milk solids. These 
difficulties ean be avoided by checking the calibration of a lactometer with milk, 
by means of specific gravity bottles. The use of normal milk is impractical owing 
to fat rising, but skimmilk and homogenized milk are suitable. 

Since the percentage of fat has a marked effect on the specific gravity of 
milk, it is used with the lactometer reading in formulas for the calculation of 
total solids. It is known that Babcock tests for fat may differ by 0.1% or more 
in comparative tests by different technicians (4, 72). An error of 0.1% results 
in-a difference of 0.13% in the calculated total solids, and it has been held that 
an excessive degree of precision in the lactometer reading is not justified. The 
necessity for close temperature regulation has been ignored for the same reason. 
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Consequently, some researchers have questioned the need for the sensitive type 
of lactometer with a large bulb and a scale reading closer than 0.5 of a lactometer 
degree. Herrington (8) has pointed out that an error of 0.08° Quevenne is as 
important as an error of 0.1% of fat in the calculation of the nonfat solids of 
milk. 

Roeder (16) made a comprehensive study of the sources of error in the total 
solids method in which the lactometer and Gerber fat values were used with 
the Fleischmann formula. The largest single source of error was attributed to 
variations in the specific gravity of the milk constituents. He estimated that 
a total possible theoretical error of + 0.318% exists, but that the limits of error 
must be assumed to be between + 0.15% total solids to allow for the possibility 


of a compensation of errors. 


DEVELOPMENT OF METHOD 


Consideration of the temperature problem has led to the conclusion that the 
lactometer method can be made more practical by eliminating the cooling step. 
which has been recommended by others. The new procedure consists of heating 
the milk samples to a temperature at which the milk fat is in a uniform liquid 
state and then reading the lactometer at this temperature. The temperature 
must be high enough to insure fat liquidity, but not so high that other physical 
changes might occur to affect the specific gravity of the milk. Experiments showed 
that consistently reproducible results can be obtained if the temperature 
is 102° F. (39° C.). 

No provision was made for temperature variations and consequent corrections 
in the experimental work, because 102° F. is a minimum temperature and cor- 
rections could be a source of unnecessary error. The temperature can be readily 
maintained by immersing the lactometer cylinder in a water bath equipped 
with thermostatic control. However, for workers in the field who might want to 
use this method where no regulated water bath is at hand, it is suggested that 
the temperature be allowed to vary not more than two degrees from 102° F. 
for the reading. For each degree above 102° F., the lactometer reading should 
be corrected by adding 0.2 lactometer degree, and for each degree below 102° F. 
it should be corrected by subtracting 0.2 lactometer degree from the reading. 


LACTOMETER DESIGN 

The preliminary experimental work was carried out with a fragile type of 
commercial lactometer which was graduated to 0.1 lactometer degree at 60° F., 
and which had been calibrated by the National Bureau of Standards. When it 
was used at 102° F., it was necessary to apply a large correction {+ 6.6] for 
the difference in expansion of glass and milk over the range of 60° to 102° F. 
Consequently, a new lactometer was designed which is calibrated to read the 
specific gravity of milk at 102° F., referred to water at 102° F. from 25.6 and 
37.4 lactometer degrees. 

It was necessary to provide a large bulb in order to obtain an instrument 


with a sturdy stem and sensitivity of 0.2 degree (two in the fourth decimal place, 
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expressed as specific gravity). The design was in accordance with the equation 
for the dimensions of hydrometers derived at the National Bureau of Standards 
(15). It is possible to read this lactometer to 0.1 degree if desired. A milk 
sample of about 10 oz. is required. This lactometer is commercially available” 
and the specifications are given in Figure 1. 
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Fig. 1. Dimensions of 102° F. glass lactometer. All dimensions are in centimeters. 


It is realized that use of this lactometer for testing the milks of a large number 
of individual cows in a herd would require much milk. Accordingly, the manu- 
facturer cooperated in designing a smaller experimental model which appears 
to be suitable (it also has other uses, where the more sensitive instrument is 
not needed). This small lactometer requires only about 5 oz. of milk and is less 
susceptible to breakage. 

The following dimensions in em. are approximate, since certain tolerances 
are allowable for glas hydrometers: total length, 15; stem length, 6.5; stem 
diameter, 0.5; bulb diameter, 3.5, scale length, 0.23. The bulb displaces about 
65 ml. of liquid. 

The seale is designed for whole milk over the range of 25.5 to 33.5 degrees, 
the smallest division being 0.5 degree. Experiments have indicated that readings 
may be estimated to 0.25 degree. 

? Catalog No. 22261, Taylor Instrument Companies, Rochester, N. Y. (Mention of this firm 
does not constitute endorsement of its products by the U. S. Department of Agriculture over 
similar items or products not mentioned.) 
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EXPERIMENTAL WORK 


The experiments were conducted by rapidly heating the milk samples to about 
102° F. in a few minutes in water at about 115° F., with oceasional gentle 
shaking. The samples were then transferred to lactometer cylinders held in a 
water bath which was thermostatically set at 102° + 0.3°F. Several readings 
were made, and in many experiments were checked against other lactometers. 
Duplicate readings checked to 0.1 lactometer degree. Experiments demonstrated 
that milk in good condition could be held in cylinders at 102° F. for over one- 
half hour with a change of only 0.1 degree in the lactometer reading, if gently 
stirred occasionally. 

The Babeock fat tests were made according to the method in general use 
(1, 13). Aeceurately calibrated bottles and pipettes were used. The 17.6-ml. 
pipettes were filled by adjusting the top of the milk surface to the graduation 
line, then allowed to drain for about 15 seconds before blowing out the last drop. 
A shaker was used to mix the milk and acid in the test bottles in many of the 
experiments, and during the summer the acid was cooled prior to use. Readings 
were made in duplicate and read to hundredths of a per cent fat by means of 
an illuminated reader with magnifier. Duplicate determinations agreed closely 
and were often checked by another observer. 

Total solids determinations were made in duplicate, using the Mojonnier 
method and apparatus in which the samples were heated for 10 minutes in a 
vacuum oven regulated at 100° C. (212° F.) (14). Generally, duplicate results 
agreed by 0.01 to 0.03% total solids, or closer. 

Two hundred samples of milk, selected during all seasons of the year from 
about 25 herds in Maryland and Virginia, were used in plots of experimental 
results. The deviations of the percentage of calculated total solids from the 
percentage of gravimetric total solids were separately plotted for milk samples 
from two or more cows (see Figure 2) and for milk from individual cows 
(Figure 3). 

The points compromise 101 mixed or herd milk samples and 99 samples from 
individual cows of six different breeds. The mixed milk experiments ineluded 83 
samples from about two to 14 cows and 18 samples from herds and dairy plants 
which represented from about 15 to 300 cows. 

A cooperative research project on this F. lactometer method was conducted 
by the Dairy Department, College of Agriculture, University of Maryland, and 
through their courtesy it was possible to include in the calculations the results 
of 59 tests made on individual cows of the four major breeds (3).* 

It will be observed that the points indicating the deviation for milk from 
individual Holstein cows are mostly positive. Not as many cows are represented 
as would appear, however, since samples from two Holstein cows accounted for 
12 of these positive deviations. 


*This work was sponsored by the American Dairy Association. 
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Fig. 2. Deviations of the caleulated per cent of total solids from the gravimetrie per cent 
of total solids for milk from two or more cows. 

Fic. 3. Deviations of the calculated per cent of total solids from the gravimetrie per cent 
of total solids for milk from individual eows. 


Deviations of the caleulated values from the gravimetric values for total 
solids in milk from individual cows were computed and the average deviation 
was + 0.05%. The standard error of estimate computed from these deviations 
(about the mean deviation) was + 0.13. This measurement can be interpreted 
as meaning that about two-thirds of the caleulated values could be expected to 
fall within + 0.05 + 0.13% of the gravimetrie total solids, or within from 
— 0.08 to + 0.18; about 95% of the calculated values could be expected to fall 
within + 0.05 + 0.26% of the gravimetrie values, or within from — 0.21 to + 0.31. 

Similarly, for the mixed or herd milk samples, the average deviation was 
— 0.006% total solids, and the standard error of estimate was + 0.091%. Con- 
sequently, about 95% of the caleulated values on mixed milk could be expected 
to fall within — 0.006 + 0.182%. of the gravimetric values, or within from — 0.19 
to + 0.18. 

A linear least-squares equation was fitted to the gravimetric total solids value 
for samples from individual cows. This equation for calculating total solids 
from fat and lactometer values is: T = 1.364 F + 0.275 L — 0.879. This relation- 
ship, caleulated from these particular data, agrees well with the theoretically 
derived equation. 

The standard error of estimate of the percentage of total solids computed 
from this equation was + 0.12. 

The data for samples of herd milk were represented by the linear least-squares 
equation: T = 1.254 F + 0.271 L — 0.261. 

This equation had a standard error of estimate of + 0.08. 


THE METHOD IN PRACTICE 


Lactometer Test. Rapidly heat the milk sample (about one-third of a quart) 
to a temperature of approximately 102° F. by immersing the sample in warm 
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water (about 115° F.). Gently shake the sample at intervals to prevent over- 
heating. The flask should be loosely stoppered, to reduce evaporation. 

Transfer the sample with as little agitation as possible to a lactometer 
eylinder held in a water bath with the temperature thermostatically maintained 
at 102° F. The lactometer should be preheated for not less than three minutes 
before using. This can be done by immersing it in a cylinder of water held in 
in the same constant temperature bath as the milk sample. Remove the lac- 
tometer and wipe dry immediately prior to use. 

Slowly immerse the lactometer in the milk sample. The reading is taken 
at the top of the meniscus after the lactometer comes to rest. It is important 
that the lactometer stem be clean and dry above the milk surface. Repeat read- 
ings can be made by withdrawing the lactometer just enough to enable the 
operator to wipe the stem clean with tissue or a soft cloth before slowly immers- 
ing it to the reading point. 

Each lactometer degree on the scale is divided into 0.2 degree, and readings 
may be estimated readily to 0.1 degree. Successive readings should agree by 
0.1 degree if the temperature remains constant. The temperature of the milk 
should be checked with an accurate thermometer at the time of reading. 

Fat Test. The fat tests are conducted by the standard Babeock method or its 
equivalent (7). The surface of the milk in the 17.6-ml. pipette should be adjusted 
to the graduation line. The amount of fat should be read to the nearest 0.05% . 
In applying the formula to skimmilk, the fat content was estimated by the Ameri- 
can Association test (5), a modification of the Babcock fat test. 

General Suggestions. A large number of determinations can be earried out 
rapidly by using several lactometer cylinders in a constant temperature bath. 
The evlinders of milk can be held at this temperature for periods of about one 
hour with only negligible change in the specifie gravity, provided that the milk 
is gently stirred before immersing the lactometer. This long holding method 
is not suitable for use with old milk, which tends to become rancid or to oil off. 

When the milk samples are rather uniform in fat content, it is not necessary, 
for practical work, to wash and dry the lactometer between each measurement, 
because the error due to residual milk adhering to the lactometer from one 
sample to another is negligible (16). However, the instrument should be rapidly 
transfered and then only the stem need be wiped dry. 

Grant (6), in using this lactometer method, found that composite samples could 
be preserved for eight days with only negligible changes in the specifie gravity. 
The samples were refrigerated at about 40° F. after the addition of 0.5 ml. of 
formalin (40% solution) per pint of milk. 


SUMMARY 


A method is presented for the calculation by a formula of the per cent of 


solids in milk from the percentage of fat, and the lactometer reading made at the 
the temperature of 102° F. 
A lactometer designed for use at 102° F. is deseribed. 
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The results on 200 samples of milk from about 25 herds show the deviation 
of the caleulated total solids from the gravimetric (Mojonnier) tota! solids, 
and are presented graphically. The average deviation was + 0.05% total solids 
and the standard error of estimate was + 0.13 for 99 samples of milk from indi- 
vidual cows. The average deviation was — 0.006% total solids and the standard 
error of estimate was + 0.09% for 101 samples of mixed or herd milk. 
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INSOLUBLE SCUM-LIKE MATERIALS ON RECONSTITUTED 
WHOLE MILK POWDERS' 
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Solubility of whole milk powder is related to free fat which decreases 
during storage at 85° F., but is unaffected at 45° F. The relative insolu- 
bility of powder at the higher temperature is probably due to a complex 
of free fat and protein, with possible complications due to calcium. Editor. 











If whole milk powder is reconstituted soon after manufacture, visibly the 
the product can hardly be distinguished from fresh homogenized milk. But if 
reconstitution is delayed, a deterioration in solubility may be observed within 
a few days, especially if the powder is held at about 85° F. Typical solubility 
defects described by Wilster (6) are, formation of surface scum, adherence to 
the container of undispersed particles, and appearance of distinct top and _ bot- 
tom layers after reconstituted milk has been undisturbed for several hours in the 
refrigerator. 

Surface scum coats the sides of the container, giving reconstituted milk a 
(displeasing appearance. This defect may be delayed several months if the pow- 
der is refrigerated. The defect is not found in skimmilk powders. 

This investigation of scum development was undertaken to obtain informa- 
tion that might lead to increasing the storage life of whole milk powder. Atten- 
tion was directed to the free-fat content as it might influence the formation of 
an insoluble fat-protein complex in milk powder. 


EXPERIMENTAL PROCEDURE 


Powder manufacture. Raw milk obtained from the College herd was_ pre- 
heated in a 30-gal. pasteurizer at various temperature-time relationships (170° F. 
for 1 to 30 minutes, to 190° F. for 1 to 5 minutes). The milk was then cooled to 
100° F. and separated, and the nonfat milk was condensed in a Rogers 16-inch 
vacuum pan to approximately 36% total solids. Concentrate was brought to 
desired fat level by adding cream and then heating to 130° to 140° F. before 
homogenizing twice in a Creamery Package Multi-Flo Homogenizer at 2,000 
p.s.i. The concentrate was cooled to 80° F. and spray-dried at a rate of about 
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80 ml. per minute. The custom-built experimental drier was a stainless steel 
vertical cone, with the drying air and atomized milk flowing concurrently down- 
ward. The concentrated milk entering the drier with a four-foot gravity hea 
was atomized through a spray nozzle of 1-mm. diameter, centered within an 
air outlet 2 mm. in diameter, through which air at 60-lb. pressure was forced. 
The drying air entered at a temperature of from 250° to 270° F. The moist air 
was drawn from the drier at about 140° to 160° F. through six Rogers-type cloth 
bags. The powder was shaken from the bags at 15-minute intervals and collected 
from the cone at the end of each drying period (about one hour). The resulting 
powder was air-packed in No. 2 flat cans, hermetically sealed, divided between 
two storage treatments, 45° and 85° F. Occasionally a can was stored at 100° F. 

The fat content of each batch of powder was determined by the Roese-Gottlieb 
ether-extraction method (1). Free-fat content of the powder was determined by 
extraction in a Soxhlet continuous fat extractor. Petroleum ether was used and 
extraction continued for 16 hours at room temperature. 

Isolation and chemical analyses of scum. Ninety-six grams of powder were 
added to 600 ml. distilled water (70° to 80° F.) in a 1-1. separatory funnel and 
reconstituted by shaking the funnel vertically for two minutes. The milk was 
then slowly drained out, leaving the scum on the wall of the funnel. The scum 
was redispersed in about 400 ml. distilled ice-water and allowed to rise to the 
surface, after which the water was slowly drained out. The washed scum was 
then removed from the funnel with about 50 ml. distilled water (120° to 140° F.), 
and collected. The procedure was repeated with a second batch of the same pow- 
der, and the combined scums were made up to volume in a 100-ml. volumetric 
flask. The flask was placed in a water bath (140° F.) until the seum was com- 
pletely dispersed. 

The following determinations were carried out in duplicate on the dispersed 
seum: Total solids, by using a 10-ml. aliquot and drying in an air oven at 208° F. 
for eight hours; protein, by using a 10-ml. aliquot by the standard Kjeldahl 
method (1); fat, by using a 10-ml. aliquot by the Roese-Gottlieb ether-extraction 
method (7); ash, by using the aqueous phase following fat extraction, according 
to the standard method (7); caleium, by following dry-ashing by the standard 
ammonium oxalate method (7) ; phosphorus, by following dry-ashing by the stand- 
ard method (1); carbohydrate, by difference ; saponification number, by modifying 
the standard method (7) to accommodate small quantities of fat — refluxing the 
fat for 75 minutes with 0.35 N alcoholic KOH and titrating with 0.2 N HCl; 
iodine number, by modifying the standard Wijs method (7) — dissolving the 
fat in 5 ml. CCl, adding 15 ml. iodine solution, placing the flask in the dark 
for 30 minutes, adding 10 ml. 15% KI and 50 ml. distilled water, and titrating 
the solution with 0.1 N NasSeO, with starch as an indicator; melting point of 
fat, determined by the capillary tube method (1), nitrogen distribution, deter- 
mined according to the method of Shahani and Sommer (35). 


Method for estimating degree of scum formation in reconstituted powder. 


The procedure for isolating scum described above was modified as follows: 16 gm. 
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milk powder were reconstituted with 100 ml. distilled water in a 125-ml. pear- 
shaped separatory funnel. The milk was slowly drained from the separatory 
funnel, which was then allowed to stand with open stopcock for an additional 
two minutes, for complete drainage. The scum was quantitatively transferred 
from the funnel to a test tube by rinsing the funnel with exactly 20 ml. 0.2 NV 
NH,OU. After the test tube was shaken briefly to dissolve the scum, total solids 
were determined in duplicate on five ml. of the solution by drying in an air oven. 


RESULTS AND DISCUSSION 


Free-fat content of milk powder. Free-fat content was determined in more 
than 200 samples of milk powder. With few exceptions, powder stored at 85° F. 
contained less free fat than did the same powder stored at 45° F. Figure 1 shows 
the effect of storage temperature on the free-fat content of three typical powders 
differing only in fat content. These powders were removed from storage and 
held at room temperature for 48 hours before extraction, to minimize any physi- 
cal differences in the state of the fat. The rapid decrease in free fat when pow- 
ders were held at 85° F., reaching a minimum as measured at 14 days, is not 
clearly understood. Previous workers have shown that free fat is attached to the 
surface of the powder granule (7). It is possible that at 85° F. the free fat in 
the liquid state may be absorbed within the granule proper and thus removed 
from contact with solvent. It is difficult, however, to account for the decrease 
in free fat by absorption alone, since powder could also absorb the solvent. There 
is, therefore, the possibility that under these conditions, free fat enters into a 
fat-protein complex, which is stable to solvent extraction. 

Also, it can be seen (Figure 1) that the initial amount of free fat, as well as 
the amount of decrease at 85° F. storage, is related to the total fat content of the 
powder. In Figure 2, A, the sharp increase in free fat that sets in at about 26% 
total fat is in excellent agreement with data reported by Holm et al. (2). A 
highly significant linear relationship (P < 0.01) was found between total fat and 
free fat when powders that contained from 25.1 to 35.0% fat were held at 45° F. 
This relationship was not significant (P < 0.05) when powders contained from 
5.0 to 15.0 or from 15.1 to 25.0% fat. 

Relationship between free fat and scum. Effect of total fat content on the 
extent of scum development in powders reconstituted after storage at 45° and 
85° F. is presented (Figure 2, B). Extensive scum development was found when 
the powders containing more than 26% fat were held at 85° F., the curve being 
similar to that for initial free-fat content of powder (compare A and B of Figure 
2). Since this defect is concerned mainly with powders held at the elevated 
temperature, it is possible that the formation of scum involves the same mecha- 
nism by which the free-fat content of powder diminishes at that temperature 
(Figure 1). This mechanism by which fat combines with other milk constituents 
to form an insoluble material is not clearly understood. It may be similar to the 
absorption of fat during the previpitation of casein from milk by any of several 
methods: acid, rennet, alcohol, and salt. Free fat decreases most rapidly dur- 
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Fic. 1. Influence of total fat and storage temperature on the free-fat content of milk 
powder. A—34.4% fat, B—28.6% fat, C—13.0% fat. 


ing the first few days of storage; whereas, scum development proceeds gradually 
and is not recognized until after several weeks of storage. This indicates that 
the reaction takes place in more than one step. 

Chemical analysis of the seum. Results (Table 1) show that the seum always 
contained a larger percentage of fat and protein, together with a smaller per- 
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Fig. 2. A—Effect of total fat on free-fat content of milk powder held at 45° F.; B—and 
on quantity of scum solids isolated from milk reconstituted from powder held at 45° F. and at 
85° F. 
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TABLE 1 


Average chemical analyses of ten milk powders 
stored at room temperature 








Scum fraction Normal fraction 

Determination solids solids 

Total protein (% ) 33.0 26.2 

Fat (%) 48.2 27.4 
Saponification No. 223 223 

Iodine No. 30.4 32.6 

Melting point (° F.) 95.0 85.1 

Ash (%) 4.2 5.8 

Caleium (% of ash) 42.9 19.0 

Phosphorus (% of ash) 16.6 12.0 

Carbohydrate (% by diff.) 14.6 40.6 





centage of ash and carbohydrate, than did the soluble fraction. Saponification 
numbers of the fats from each fraction were identical, showing similar molecu- 
lar weights. Fat isolated from the scum had a consistently lower iodine number 
and higher melting point. It is not known whether the more highly saturated fat 
found in the scum fraction might have been the result of fat oxidation. 

Nitrogen distribution in the two fractions is summarized (Table 2), in which 
data are arranged in the order of increasing preheat treatment. Between 82 
and 95% of the nitrogen present in the scum fraction consisted of casein plus 
denatured whey protein. These values increased as the preheat treatment of 
the original milk was inereased. The nonseum fraction contained less casein plus 
denatured whey protein in each case than did the scum fraction from the same 
powder. There was no parallel increase with heat treatment. Alcohol stability 
of the two protein fractions was determined in the following manner: A dis- 
persion of each fraction in water was prepared so that the protein content was 
11 me. per milliliter. Then alcohol was added to each until the final concentration 
was 43%. Upon centrifuging these mixtures, 85% of the scum protein was pre- 
cipitated; whereas, only 8% of the nonscum protein was destabilized by the 
alcohol. 

Manus and Ashworth (3) noted that powders made from milk receiving low 
preheat treatment did not decrease appreciably in solubility when stored at 
100° F., but that a continuous decrease in solubility resulted in powders that 
had high preheat treatment. Wilster (6) reduced scum development by pre- 
venting excessive heating of powder in the drying chamber. It is possible that 
milk protein rendered unstable during drying is further denatured when the 
milk powder is stored at 85° F., this unstable protein being more likely to 
complex with the free fat present. 


SUMMARY 


A method is described by which it is possible to measure the extent of forma- 
tion of an insoluble scum on the surface of reconstituted whole milk. 

Extensive scum development was found on milk from powders stored at 
85° F., but little seum was found when powders had been held at 45° F. The 
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free-fat content of powder rapidly decreased during storage at 85° F. There 
was no appreciable change in free-fat content when the powder was held at 45° F. 

Scum development was related to the initial free-fat content of powder. It 
was postulated that development of this defect is the result of a fat-protein 
complex involving free fat and unstable protein, with possible involvement of 
ealcium. Fat isolated from scum had a higher melting point and was more 
saturated than the remaining fat. 
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SOME FACTORS AFFECTING THE FREEZING POINT OF MILK! 
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Careless flushing of water through HTST pasteurizers, storage tanks, 
and other equipment was responsible for high freezing points in processed 
milk. Processing procedures did not affect the freezing point of milk. A 
maximum standard of —0.530° C. was satisfactory for milk. Hditor. 











The freezing point of milk has served for over 30 years as an official method 
(2) for detecting adulteration of milk with added water. Current investigations 
(4,7, 10) have indicated that the present standard of — 0.550° C. is too low for 
the average freezing point of milk, and that average values frequently fall be- 
tween — 0.535° C. and — 0.545° C. for milk of authentie origin, with still higher 
values for commercial market milk. 

Observations that commercial milk had unexpectedly high freezing points, 
and attention toward determination of causes, formed the basis for this study. 
The major purposes of this study were to determine the mean freezing points 
of (a) milk from individual cows and herds, (b) commercial market milk, and 
(c) to study the factors affecting the freezing point of milk during processing 


operations at dairy plants. 


METHODS AND PROCEDURE 


A modified Hortvet eryoscope (6), with a mechanical agitator to stir the 
samples and a mechanical tapping device for the thermometer, was used to de- 
termine the freezing point of the milks. Except for this improved apparatus, 
the official method (2) was followed in all other details. Duplicate or more tests 


‘ 


were made on each sample until agreement within 0.002° C. was obtained. Cal- 


culation of per cent added water was made by the Association of Official Agri- 
cultural Chemists (A.O.A.C.) equation : 


Kk. P. of authentic milk — observed F. P. 
™ added water =—— > . - — om es = x 100 
KF. P. of authentic milk 





(Fk. P. = Freezing point) 
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Calculations were made also by the Elsdon and Stubbs (5) equation. which 
differs from that of the A.O.A.C. only by substituting (100 —‘, Total Solids) 
for the 100. 

Fat eontent of the milk was determined in duplicate by the standard Bab- 
cock method (2) for regular milk and the modified Babcock test (&) for homoge- 
nized milk. 

Total solids determinations were made in duplicate by the Mojonnier method 
(8) and/or estimated by the following formula from duplicate lactometer read- 
ings, employing the Taylor-Watson Pattern Lactometer (71): 

T.S. = 1.33 F + 273 L/(L + 100) — 0.40 


where F is fat per cent and L is lactometer degrees at 102° F. 

Milk samples were collected as indicated in the various experiments at the 
dairy barn from individual cows and herds, from the regular retail market, 
and from commercial dairy plants at various points during processing. All 
samples were cooled rapidly in ice water and taken immediately to the laboratory 
for analysis within 24 hours. 


EXPERIMENTAL RESULTS 


Relationship of freezing point to added water: Preliminary trials on 20 
milk samples established the reliability of the freezing point depression method 
to detect as little as 1% added water when various amounts were added, un- 
known to the analyst. 

Freezing point of raw milk, from individual cows and herds, producers’ sup- 
ply and storage tanks at plants: Both individual and composite samples were 
taken from cows of five different breeds. Colostrum and mastitis milk were 
excluded from the experiment as being abnormal milk. All samples from in- 
dividual cows represent those yielding more than 15 lb. of milk per milking. 

To determine the freezing point of milk as received at the dairy plants from 
individual can-shipping producers, 108 samples were collected at one large 
and two small dairies. At least three of each ten producers selected at the large 
dairy delivered more than 300 pounds daily. Samples were obtained from prac- 
tically all shippers’ milk at the two small dairies. The freezing points of milk in 
the raw milk storage tanks were compared with those of the milk from the pro- 
ducers supplying each tank. Freezing point results are shown (Table 1). 

The average freezing point for 44 samples from individual cows was — 0.546 
C. The range was from — 0.533° C. to — 0.560° C. Milk from Ayrshire herds 
showed the highest average freezing point in these trials (—0.541° C.). Milks 
from herds of the other four breeds had a fairly close range for average freezing 
point at — 0.546° C. to — 0.550° C. The average freezing point of 15 composite 
samples of all herds was — 0.546° C., and the extreme range for individual analy- 
ses was from — 0.540° C. to — 0.555° C. 

The average freezing point of the milks from herds and individual cows 
was — 0.546° C. This compares quite closely with the standard of — 0.550° C. 
of the A.O.A.C. official method (2). 
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TABLE 1 
Freezing point of raw milk, from individual cows and 
herds, producers’ supply, and storage tanks at plants 








Freezing point 














Source of sample Trials AV. Range 
No. —¢o €. =e ©, 
Individual cows by breed 
Holstein Ss 4s 39 - 557 
Jersey q ou 543 - 557 
Ayrshire 9 mE | ad - O47 
Guernsey 1] 4G 538 - 553 
Brown Swiss 7 550 546 - 560 
Average, all cows 44 D406 33 - 560 
Ilerds by breed 
Holstein 3 46 
Jersey 3 4s 
Ayrshire 3 42 
Guernsey 3 O46 
Brown Swiss 3 550 
Average, all breeds 15 46 
Raw Milk Reeeiving 
Weigh tank 108 38 469 - 552 
Storage tank 10 a3 23 - 541 
The average freezing point of milk from 108 producers was — 0.538° C. 


2.1% added water) ; whereas, that from the corresponding milk in ten storage 
tanks was — 0.533° C. This inerease of 0.005° C. indicates 1.0% additional 
added water at this particular step. There were only seven of 108 producer 
samples (6.5% ) with a freezing point above — 0.531° C. (one was — 0.469° C.). 
In comparison, samples from three of the ten storage tanks which contained 
the same producer milk showed freezing points above — 0.531° C. 

Commercial fluid milk survey. Fifty-three samples of regular and homoge- 
nized milk from 13 dairies were collected at random in both paper and glass 
from the retail outlets in a large Ohio city during May and November, 1955. 
Combined results are presented (Table 2). No essential difference was found 
in the freezing points of milks collected during these two periods. 


TABLE 2 
Freezing points of commercial fluid mill 
obtained from retail outlets 





Freezing point 








Type of sample Trials Av. Range 
No. —0°C. —0° C. 
All samples 53 530 A357 - 549 


Regular and homogenized 

(paired from same dairy) 
Regular 24 34 495 - 549 
Homogenized 24 Oo] 54 


Paper and glass 
Paper »Y 
Glass 94 


3 487 - 549 
6 ASD - 544 
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The average freezing point for all 53 samples was — 0.530° C. The range 
of freezing point was from — 0.437° C. to — 0.549° C. Freezing points of 38 
(72% ) samples fell within the range of — 0.531° C. to — 0.550° C., which rep- 
resents the 3% tolerance allowed for added water. One sample exhibited an 
extremely high freezing point of — 0.487° C. (indicating the presence of 20.5% 
of added water) and the other 14 samples had freezing points over a wide range 
between — 0.489° C. to — 0.530° C. (11.1% to 3.6% added water). 

The average freezing point of the regular milk was lower than that of homoge- 
nized milk from the same dairy by 0.030° C., which may be considered an insig- 
nificant difference. 

Milk in paper containers (29 samples) averaged 0.007° C. lower in freez- 
ing point than milk in glass bottles (24 samples), showing — 0.533° C. and 
— 0.526° C., respectively. Only four of 29 milks in paper containers exhibited 
freezing points higher than — 0.530° C., whereas ten of 24 milks in glass con- 
tainers had freezing points above — 0.530° C. 

The freezing point of milk as affected by dairy plant processing factors: 
Additional experiments were designed to determine the effect of the various 
processes and practices on the freezing point of the milk supply in five dairy 
plants under commercial conditions of operation. In these, the same milk supply 
was followed through various operations, with samples being taken at selected 
points to determine the effect of the operations per se on the freezing point. 

The results (Series 1, Table 3) indicate that standardization and clarification 
had no significant effect on the freezing point of milk, and (Series 2) that pas- 
teurization and homogenization had no more than a slight effect, if any, on in- 
creasing the freezing point of milk. 

In Series 3 of the trials, by the time the milk had reached the surge tank, 
its freezing point had increased on the average from — 0.525° C. to — 0.514° C. 
No further change in freezing point was observed for milk after leaving the 
surge tank, and filler, and after being bottled. 

In certain operations, the sequence of bottling had a marked relationship 
with the freezing points of the milk. In this connection, the results (Series 4, 
Table 3) indicate a significant change in average freezing points, from — 0.527° C. 
for the raw milk to — 0.514° C., — 0.519° C., and — 0.512° C. for the milk bottled 
at the beginning, middle, and last stages of the process. 

Results (Series 5, Table 3) show that the freezing points of bottled milk in 
both paper and glass averaged higher than those from the raw milk storage 
tank by 0.005° C. and 0.010° C., respectively, which correspond approximately 
to 1.0% and 2.0% added water in these operations. The freezing points of the 
bottled pasteurized milk were higher than those of the original supply in ten 
of the 11 trials. The increase was marked in six of them. 

Observations at one dairy revealed a marked increase in the freezing point 
(0.010° C.) of the milk being processed by the HTST system, owing to water 
(approximately 2.0% ) being added to the balance tank to flush out milk near 
the end of the operation. In another case, water was used to rinse the milk from 
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TABLE 3 
Freezing point of milk as affected by dairy plant 
processing factors 


Freezing point 














Source of sample Plants Samples Average Range 
(No.) (No.) (—0° C.) (-¢ CJ 
Series 1 
Standardization and clarification 1 
Storage tank (control 2 036 .033 - 339 
Standardized 9 O34 .530 - 538 
Clarified Z 035 .031 - 538 
Series 2 
Pasteurization and homogenization 5 
Storage tank (contro! 7 032 O21 - 540 
Pasteurized 3 528 022 - 534 
Homogenizeil 6 530 O22 - 534 


Series 3 
Filling (ten minutes after bottling began) g 





Homogenized (control , 25 523 
Surge tank 2 14 507 
Filler 3 15 508 
Glass bottle 513 504 
Series 4 
Variations during the bottling process 4 
Raw milk (control) 6 O27 510 - .540 
Beginning of bottling (immediate) 6 14 487 - 534 
Middle of bottling 5 19 494 - 534 
Last of bottling (last bottle) 3 012 485 - 534 
Series 5 
Processing operations (over-all) 5 
Storage tank (control) 11 527 510 - 540 
Packaged milk — paper 9 022 499 - 534 
Packaged milk — glass 7 O17 494 - 534 





the storage tank and the rinsings flowed through the processing system and into 
the bottles. The freezing point of the bottled milk increased immediately by 
0.022° C., indicating 4.0% added water. 

Relationship of freezing point to solids-not-fat and total solids content of 
milk: Although detailed analytical data are not given, Table 4 shows a general 
relationship between the solids-not-fat and total solids content, and the freezing 
point of commercial milk and of milk to which various amounts of water were 


TABLE 4 
Relationship of freezing point to caleulated added water, 
solids-not-fat, and total solids content of milk 





Freezing point 








Caleulated added water Total 

Samples Range Average by A.O. A.C. formula Solids-not-fat solids 
(No.) (-—0° C.) (Av. %) (Av. %) (Av. %) 

20 49 - 540 42 1.5 8.90 13.08 

35 .039 - 530 035 2.7 8.87 12.77 

23 029 - 520 025 4.5 8.67 12.60 

15 O19 - 500 510 73 8.61 12.33 

6 499 - 485 492 10.5 8.09 11.65 


5 441 - 428 436 20.7 7.51 11.25 
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added. This was true when the solids-not-fat content was determined by the 
Mojonnier and the lactometrie method. The correlation, however, was not high 
enough and the solids-not-fat determination served only as a guide to indicate 
the possibility of adulteration with water. Individual deviations from the mean 
were so great that they resulted in rather broad-scatter diagrams. 


DISCUSSION 


In proving the reliability of the freezing point method, when employing 
mechanical devices and every precaution to insure accuracy, it was possible 
to differentiate between samples which varied by 1.0% added water, which 
was equivalent to a difference in freezing point of 0.0055° C 
the A.O.A.C. equation. However, the average freezing point differences for groups 


.. as cAleulated by 


of samples probably are significant in an even lower order of magnitude. 

In this study, the average freezing point of — 0.546° C. was obtained for 
authentie milk from herds and individual cows, as compared to — 0.550° C., the 
A.O.A.C. average. Allowing 3% added water by the A.O.A.C. formula, the 
highest freezing point permitted would be — 0.530° C. from the — 0.546° C. 
base ; whereas, — 0.534° C. would be the limit, using — 0.550° C. as the standard. 
The range of freezing points from individual cows was — 0.533° C. to — 0.560? C. 
There was one sample (0.533° C.) which could be then classified as adulterated 
or border-line on the — 0.534° C. limit; vet it was authentic milk. This would 
indicate that the level of — 0.530° C. should serve as a more satisfactory maximum 
freezing point of unadulterated milk as reeommended by Doan (4). When this 
standard was used in this work, 94% of the producers’ samples were classified 
as unadulterated, in contrast to only 87% by the A.O.A.C. standard; retail 
samples showed 72% and 57%, respectively, by the two standards. 

If — 0.540° C. is used as a standard, as has been suggested by Shipe, Dahl- 
berg, and Herrington (10) and Lampert (7), and 3% tolerance is allowed, the 
milk which has a freezing point lower than — 0.524° C 
ated. No milk from herds exhibited freezing points higher than — 0.536° C. in 


. is considered as unadulter- 


this study. 

A small percentage of samples (2%) of both producers’ and processors’ 
milk was noted to have between 10 to 20% added water. <Aschaffenburg and 
Temple (1) in England found 93.7% of all producers’ samples unadulterated 
(lower than — 0.530° C.) and 1% with more than 10% added water. 

The Elsdon and Stubbs (5) formula, which applies a correction factor for 
total solids to the regular A.O.A.C. equation for freezing point, was found by 
Ystgaard et al. (13) to be superior. When the two formulas are compared in 
this study, the Elsdon and Stubbs equation tended to classify milk with a freez- 
ing point of — 0.531°C. or lower as unadulterated. This is in very close agree- 
ment with the — 0.530° C. recommended by Doan (4). 

Results of a survey of pasteurized market milk in eight cities in the United 
States made by Dahlberg et al. (3) showed that the freezing points of milk of all 
the plants were within the range of — 0.525° C. to — 0.555° C., with an average 
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of —0.540° C. Seventy-three per cent of 135 samples showed freezing points 
below — 0.534° C., as compared to 57% in this study. A survey by Paley and 
Tzall (4) showed only 40% of the samples of bottled fluid milk to have freezing 
points within the tolerance of 3° added water. 

Results of this study, made from samples taken from pipelines and equip- 
ment in dairy plants, revealed that properly executed processing operations 
such as standardization, clarification, homogenization, and pasteurization had 
no significant effect on freezing point, although some trials showed slight 
changes of 0.002° C. and 0.004° C. This is in agreement with Yongue (12). who 
reported that good processing practices did not cause a serious change in freez- 
ing point of milk. 

Careless practices which varied between dairies accounted for many of the 
high freezing-point findings. Among these were: (a) allowing an unknown 
amount of circulation water to mix with the milk at the start of an HTST 
operation, because a stop-watch was not employed; (b) similar watering at the 
end of the HTST operation, to force the last milk from the system; (¢) rinsing 
down the foam.in milk storage tanks with water prior to completion of bottling, 
and (d) leaving water in glass bottles and filling equipment prior to bottling. 


SUMMARY AND CONCLUSIONS 


The freezing points of 59 authentie herd and individual cows’ milk averaged 
— 0.546° C., with a range of from — 0.533° C. to — 0.560° C. This difference 
from the standard — 0.550° C., established by A.O.A.C. as the normal freezing 
point, amounts to 0.7% equivalent added water. 

The freezing points of 108 milks received at dairy plants from producers 
averaged — 0.538° C., and ranged from — 0.450° C. to — 0.550° C. This average 
indicates 2.1% added water when calculated by the A.O.A.C. equation, using 
— 0.550° C. as the standard. Ninety-three per cent of these samples were lower 
than — 0.530° C. The freezing points of these same milks after transfer into 
ten storage tanks averaged — 0.5383° C., and ranged from — 0.523° C. to 
— 0.541° C. An additional 1% added water had occurred, making a total of 3.1%. 

The average freezing point of 53 samples collected from retail outlets was 
— 0.530° C., and range was — 0.487° C. to —0.549° C. The average indicates 
3.6 added water, and only 57% of these samples were within the tolerance 
of 3% added water permitted by the official method, with — 0.550° C. as the 
standard. 

Processing operations such as standardization, clarification, pasteurization, 
and homogenization when properly executed did not elevate the freezing point. 

It was found that water was getting into the milk at the farm, in the receiving 
operation, and during the handling and processing of the milk within the plant. 


A general relationship was show vet wee e freezing point anc Le 
A general relationship w hown between the freezing t l tl 


solids-not-fat and total solids content of milk with varying amounts of water 
added. 
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The validity of the existing standards, equations for calculation of per cent 
added water, and desirability of proposed changes of standards are all discussed. 
One standard, a maximum freezing point of — 0.530° C., was substantiated as 
being satisfactory. 
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THE SPECIFICITY OF MILK LIPASE. LV. PARTITION OF 
THE LIPASE SYSTEM IN MILK! 


N. P. TaRAssuK AND E, N. FRANKEL 
Department of Dairy Industry, University of California, Davis 





Cow’s milk contains at least two lipases that are present in the plasma 
of warm, freshly drawn milk. One, the membrane lipase, is irreversibly 
adsorbed on the fat globules as milk is cooled. It is abundant and active 
in milk from cows late in their lactation. The other one, plasma lipase, is 
associated with the caseinate system and it can be activated to produce 
lipolysis in milk. /ditor. 











In the previous papers of this series (6, 7) evidence was presented that 
indicates the presence in milk of multiple lipolytic enzymes that include both 
lipase and simple esterases. Since milk contains no simple esters to serve as 
substrate, and the use of esters other than milk fat for lipase determination in 
milk can not be justified (6,7), the presence of esterases is of only theoretical inter- 
est. Iydrolytic rancidity in milk results from hydrolysis of milk fat. A study 
of the lipase system itself in milk is, therefore, of fundamental and practical 
importance. A knowledge of the distribution of milk lipase or lipases among 
various fractions of milk is essential both for the isolation of the enzymes and 
an understanding of the mechanism of action of this enzyme system. The 
present paper deals with the identifying of different lipases on the basis of 
their partition among some milk components. 

At present, the development of hydrolytic rancidity in milk is generally 
associated with certain ‘‘aetivation’’ treatments of raw milk: homogenization 
(2), temperature changes (13), shaking (1/7), or agitation by air (22), as in 
pipeline milking systems. However, in the early literature (11, 12, 16, 17, 20) 
and during recent vears (28), lipase activity has been reported in the milk of 
individual cows—especially those in late lactation and on dry feed—without 
the milk’s being subjected to any apparent activation treatment other than 
aging. Milk susceptible to this lipolysis has been designated naturally rancid 
(2), bitter milk of late lactation (76), naturally active or naturally lipolytically 
active (11, 20, 21, 23), and normally active (28). Tarassuk eft al. (21, 23) have 
referred to this lipolysis as ‘‘spontaneous,’’ to distinguish it from **indueed** 
lipolysis which requires activation. In this paper, milk that exhibits spontaneous 
lipolysis is referred to as ‘‘naturally aetive’’ or *‘spontaneous”’ milk. 
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Krukovsky and Sharp (74) observed that activation by shaking of naturally 
active milk did not result in greater lipolysis. They concluded that all milk con- 
tains sufficient lipase to produce rancidity upon activation, but that the lipase 
Tarassuk and 


.. 


in milk from certain cows is in a ‘‘naturally activated state. 
Richardson (25) reported evidence that the cooling of naturally active milk 
is necessary to initiate spontaneous lipolysis and, that after cooling, the lipoly- 
sis proceeds whether the milk is kept warm or cold. Cooling normal milk, how- 
ever, is not essential for activation of induced lipolysis by homogenization or 
by shaking. Furthermore, the lipolysis in spontaneous milk is inhibited by mix- 
ing spontaneous milk with normal milk within an hour after milking, a phenome- 
non which is not due to dilution of the lipase concentration of spontaneous 
milk (23). 

To explain the differences in the mode of occurrence of lipolysis, Tarassuk 
et al. (20, 21, 23, 25) have distinguished between the ‘‘naturally active 


, 


lipase,’’ involved in spontaneous lipolysis, and the ‘‘lipase of normal milk,’’ 
involved in induced lipolysis. The necessity of cooling to initiate lipolysis in 
spontaneous milk was explained by Tarassuk and Jack (2/) on the basis of irre- 
versible adsorption of naturally active lipase on the fat-globule membrane, upon 
the cooling and aging of milk at 5° C. for half an hour or longer. Sinee little 
or no adsorption of lipase on the membrane material occurred upon cooling of 
normal milk under the same conditions, the lipase of normal milk was considered 
to remain in the plasma. 

Only limited information is available on the distribution of lipase in normal 
milk. Dorner and Widmer (2), the first to demonstrate the activation of lipolysis 
by homogenization, also indicated that the lipase is associated with the casein 
fraction of milk. Further evidence that lipase is in the plasma of milk was 
provided by Pfeffer et al. (18), who also reported that separator slime has about 
three times as much activity as the original skimmilk. The high tributyrinase 
activity of separator slime has been shown recently by Nelson and Jezeski (15). 
Gould (8) used rennet whey as the source of lipase to demonstrate the influence 
of pH upon the lipolysis of a rennet whey-butterfat mixture. 

The first part of this paper presents data that heretofore have not been pub- 
lished on the adsorption of naturally active lipase on the fat-globule mem- 
brane material when spontaneous milk is cooled. In the second part, the relative 
lipolytie activity of the membrane material and casein obtained from normal and 
weakly spontaneous milk toward different esters was compared with the relative 
lipolytie activity of the original skimmilks. Evidence for different lipolytic 
enzymes in milk was based on variations in relative activity with the fractiona- 
tion of milk. 

EXPERIMENTAL PROCEDURE 


Ireshly drawn, naturally active milk from selected individual cows and 
mixed normal milk were used as enzyme sources. The lipolytie activity of the 
naturally active milk was evaluated by determining the extent of lipolysis after 
immediate cooling and aging at from 0 to 5° C. for 24 hours or longer. 
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In the first part of this paper, lipolysis was followed by determining surface 
tension at 20° C. with the duNoiiy Tensiometer (23) and the acid degree on 
churned fat * (70); in the second part, the free fat acidity was determined by 
an extraction-titration method (/). 

The relative lipolytie activity of milk toward Tween-20, methyl butyrate, 
tributyrin, and milk fat was determined by the methods described previous- 
ly (5). Activity was expressed as units per ml. of milk, or per gm. of solids-not- 
fat (S.N.F.). To follow the purification of lipase obtained, the ‘‘specifie activ- 
ity’’ of milk fractions was determined. This is the concentration of enzyme 
expressed as units per gm. protein nitrogen. The purification or enrichment 
achieved was calculated by dividing the specific activity of the fractions by that 
of the original milk. The total Kjeldahl nitrogen, the protein nitrogen, and the 
casein nitrogen were determined by the procedure described by Rowland (1%). 
Total solids were determined by the Mojonnier method; and the moisture in 
the powder was determined by the A.O.A.C. method. 


EXPERIMENTAL RESULTS 


Adsorption of naturally active lipase on fat globule membrane by cooling 
of milk. Milk containing naturally active lipase in appreciable amounts 
exhibits a spontaneous lipolysis, with no involved treatment necessary for the 
development of rancidity. The only condition necessary to initiate the hydrolysis 
of fat is the cooling of the milk as initially reported in 1941 (25). Additional 
data on spontaneous lipolysis since that time have fully substantiated the neces- 
sity of cooling for the initiation of lipolysis. Once the milk has been cooled the 
lipolysis proceeds, whether the milk is aged in cold or is rewarmed to 20, 30, or 
37° C. for aging. Activation of lipolysis in naturally active milk by cooling 
is a distinetly different phenomenon from the lipolysis activation in normal 
milk by temperature activation treatment. In this case the milk must be cooled, 
warmed, and recooled (13). 

The effeet of cooling naturally highly active milk within 10 min. after milk- 
ing on the development of lipolysis is illustrated (Figure 1). A cooled sample 
(Curve II) tested organoleptically two hours after cooling was found rancid, 
and its surface tension had dropped from 50.2 dynes/em. (before cooling) to 
42.5 dynes/em.*| An uncooled sample did not go rancid on aging, as determined 
by organoleptic tests and surface tension data (Curve I). The acid values of 
fat were as follows: before cooling, 0.32; after aging for 36 hours (uneooled—I), 
0.57 ; and (cooled—I1), 9.65. It may be argued that growth of bacteria (27) in un- 
cooled milk aged at 37° C. may have prevented lipolysis. However, the addition 
of formaldehyde as a preservative did not materially change the pattern of 
lipolysis of cooled and uneooled milks. Further, a sample of the same milk 

’Milk or cream was heated at from 70° to 75° C. for 15 minutes prior to churning, to in- 
activate the lipase. 

*Onee milk has been cooled, there is an initial decrease in surface tension of about 3 


dynes/em. as measured at 20° C. Any further decrease would be due te lipolysis. 
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Fic. 1. Lipolysis in naturally lipolytically active milk. 


cooled to 5° C., then rewarmed and aged at 37° C. (111), showed even greater 
rate of development of lipolysis than the sample aged in cold (II). Working 
with naturally active milk of various degrees of lipolytic activity and bacteria 
content, it was found that ineubation of once-cooled milk at 37° C. does not always 
give a greater velocity of lipolysis. In milk of slight or moderate lipolytie activ- 
ity, growth of organisms will inhibit or limit the extent of lipolysis. In milk 
of high lipolytic activity, the lipolysis will proceed, actually inhibiting the growth 
of organisms (27 ). 

Holding naturally active milk at or near 37° C. immediately after milking 
retards the rate of subsequent lipolysis upon cooling (Curve IV). In another 
experiment, when milk was held for two and one-half hours at 33° C., the develop- 
ment of perceptible rancidity upon cooling did not take place until after 30 
hours of storage; whereas, a strongly rancid fiavor developed after 12 hours in 
a sample of the same milk that was cooled immediately after milking. 

The role of cooling in the mechanism of spontaneous lipolysis became evident 
in the study of lipolytie activity in various milk fractions obtained from cooled 
and uncooled milk and, particularly, from washed creams. 

The procedure for washing creams was as follows: Separated cream of 25 to 
27% fat was diluted with four parts distilled water and reseparated. The proe- 
ess was repeated twice. Final washing was done with a phosphate-citrate buffer 
of pH 6.65. (This is essential because lipolysis is limited by a rapid drop of pH 
if washed cream is not buffered.) All cream separations and washings were 
earried out at 36 to 38° C. Distilled water was brought up to 38° C. before add- 
ing it to cream. Experimental work with milk began within 15 to 30 minutes 
after milking. When necessary, milk in transit from milking barn to laboratory 
was maintained at from 35 to 38° C. 

Typical data on the lipolytic activity of washed creams obtained from nat- 
urally active milk and normal milk, both preecooled and not precooled, are shown 
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(Figure 2). In this and other experiments, the washed cream from milk not pre- 
cooled was obtained by the separation of freshly drawn milk maintained at 
from 35 to 38° C., followed by washing of the cream. For precooled milk experi- 
ments, milk was rapidly cooled to 5° C., held for one hour (44 hour to two hours 
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Fig. 2. Lipolytie activity of washed creams. 


in other experiments), and warmed to 37° C., for separation and washing of 
the cream. Prepared samples were cooled and aged in cold. The zero-time surface- 
tension values were taken immediately following cooling. 

Data show (Curves II, IIB, IIl) that in the case of precooled, naturally 
active milk, the lipolytie activity of the creams freed from milk plasma by wash- 
ing was essentially the same as, or greater than, that of cooled original milk. 
Washed cream from the same milk not precooled (Curve If A) was substantially 
free of lipolytic activity. It is evident that a naturally active lipase is in the 
plasma of milk before cooling. By cooling the milk, the lipase is adsorbed on 
the fat globules, i. e. substrate, and lipolysis proceeds. If milk is not cooled, the 
adsorption is not effected and there is essentially no lipolysis (Curve IT A). 
Tested organoleptically, this cream was not rancid after 72 hours of aging, 
while the cream from precooled milk (Curve II B) was strongly rancid when 
tested after two hours of aging. The extensive hydrolysis of fresh milk fat 
emulsified in the membrane material isolated from precooled milk (Curve III) 
confirms that the enzyme has been adsorbed on the fat-globule surface by cooling. 
Isolation of the fat-globule membrane material from precooled, naturally active 
milk (‘‘membrane cream,’’ Curve III) can serve as the souree and starting 
preparation for further purification of this lipase. The acid degrees of fat of 
‘‘membrane eream’’ before emulsification and after emulsification and aging for 
72 hours were, respectively, 0.26 and 12.67. Adsorption of naturally active lipase 


by cooling is irreversible. Washed creams, from precooled milk, which were re- 
warmed and aged at 37° C. exhibited an even higher rate of lipolysis. 
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Cooling of normal milk had no effect on the partition of the lipase of normal 
milk. The lipase remains in the plasma; therefore, in the corresponding washed 
creams (Curves LA, 1B), even though homogenized, there was no lipolysis. 

Partition of lipolytic activity in normal milk. Studies in Part I dealt with 
naturally active milk of high lipolytic activity. Precooling treatments were neces- 
sarily brief (144 hour to two hours), although they were ample to demonstrate 
adsorption of naturally active lipase. If naturally active lipase is present only 
in small concentrations, as it may be in normal milk (28), longer cooling treat- 
ments might be necessary to demonstrate the presence of this lipase by adsorp- 
tion on fat-globule membrane. In addition, determination of lipolytic activity of 
the membrane toward simple esters as substrates would throw light on partition 
of the esterases of milk. 

Freshly drawn, mixed normal milk that had never been cooled was divided 
into two portions. One portion was processed immediately ; the other was aged 
at from 0 to 5° C. for 24 hours. The first portion was separated and the resulting 
skimmilk was frozen and lyophilized. The cream was washed with distilled water, 
the washed cream churned, and the isolated membrane material lyophilized. 
Lyophilized membrane material was prepared similarly from the portion that 
was aged. The lypohilized materials were reconstituted in distilled water with 
the Omni-mixer just before activity determinations. 

Results of this experiment are presented (Table 1). It is evident that the 
lipolytic activity of the membrane material is increased appreciably after cooling 
the milk from which it is derived and aging it in the cold for 24 hours. This ad- 
sorption of lipase activity in the membrane material of normal milk after cooling 
for 24 hours would indicate the presence of naturally active lipase in this milk, 


TABLE 1 
Effect of aging normal milk at a low temperature on the relative 
lipolytic activity of its skimmilk and membrane material 





Relative 
Milk history Milk fractions Substrates * Activity activity 








(units/10 q. 
S.N.F.") 





T-20 3.68 1.2 
Fresh, Skimmilk MB 2.44 0.80 
nonecooled TR 8.43 2.8 
MF 3.05 1.0 
Cooled and T-20 3.08 1.4 
aged 24 hrs. Skimmilk MB 2.19 1.0 
at 0 5 Cc, TB 8.82 4.1 
MF 2.14 1.0 
T-20 0.42 0.70 
Fresh, Membrane MB 0.12 0.20 
noneooled material TB 1.40 2.4 
MF 0.59 1.0 
T-20 8.22 1.5 
Cooled and Membrane MB 2.67 0.50 
aged 24 hrs. maierial TB 173 3.2 
at 0-—5° C. MF 5.34 1.0 
“Abbreviations used throughout the paper: T-20 = Tween-20; MB= methyl butyrate; 


TB =tributyrin; MF = milk fat. 
"S. N. F. = Solids-not-fat. 








44 N. P. TARASSUK AND E,. N. FRANKEL 


but in small concentrations. The difference in the relative activity of the mem- 
brane material from cooled and aged milk and the skimmilk from the correspond- 
ing milk could be attributed to a preferential adsorption of the enzyme system. 
However, this is complicated by a simultaneous differential loss in stability of 
the enzyme system by the aging process (7 ). 

It was possible to use shorter aging periods with naturally active milk of slight 
lipolytie activity,” thus minimizing any loss of stability of the enzymes. This 
milk was aged four hours at 0° C. immediately after milking, and the skimmilk 
and corresponding membrane materials were prepared as described above. The 
lyophilized materials were stored below 0° C. until assayed. 

Data for the relative lipolytie activity of the skimmilk and membrane mate- 
rial from this milk are presented (Table 2). Preferential adsorption is indicated 


TABLE 2 
Lipolytlic activity of skimmill and membrane material fractions 
obtained from slightly naturally active milk* 

















Relative Specifie 
Milk fractions Substrates Activity activity aetivity Enrichment 
(units/10 9. (units/g 
S.N.F.) protein N) 
T-20 2.71 1.5 0.70 
Skimmilk MB 1.31 0.73 0.34 
TB 11.2 6.2 2.87 
MF 1.80 1.0 0.46 
T-20 48.3 1.2 7.438 1] 
Membrane MB 16.6 0.43 2.55 7.6 
material ” TB 226 5.8 34.7 12 
MF 38.9 1.0 5.98 13 


“After aging at 0° C. for four hours. 


" Analysis of lyophilized material: 600 fat, 31% protein, 6¢; moisture. 


from the specificity and enrichment data. The relative lipolytic activity with 
respect to methyl butyrate is lower in the membrane material than in the cor- 
responding skimmilk. Therefore, the enzyme system of the membrane material 
seems closer to a true lipase than that of the skimmilk. This is in harmony 
with the greater heat stability reported for the lipase activity in naturally active 
milk (24). 

The skimmilk and membrane material obtained from S00 gm. of the milk pro- 
dueed a total activity (toward milk fat) of 124 and five lipase units, respectively. 
Therefore, although an enrichment of 13 times was obtaine:| in the lipase activ- 
ity in the membrane material, the total activity of this fraction represents only 
about 4% of the total lipolytie activity of this milk. In normal milk this portion 
was less than 1%. It would have been interesting to obtain similar data on the 
milk of high natural lipolytie activity, but such milk was not available at the 


time this work was earried out. 


°On aging for 24 hours at 5° C. the surface tension of this milk was lowered to 43.0 


dynes/em. Organoleptically, it was scored only slightly raneid. 
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In Part I it was shown that spontaneous lipolysis is greatly inhibited if the 
milk is kept at 37° C. for from one to three hours before cooling and aging at 
5° C. The effect of this treatment was studied on the relative adsorption of the 
lipase system of the membrane material in normal milk. For this experiment, 
freshly drawn mixed milk was divided into two fractions. One was cooled imme- 
diately and aged at from 0 to 5° C. for 24 hours; the other was first kept at 37° C. 
for three hours and then cooled and aged for 24 hours. After aging, the corre- 
sponding skimmilk and membrane material from each fraction were prepared 
and lyophilized for the assays. The results (Table 3) show that the inactivation 

TABLE 5 


Effect of holding milk at 37° C. for three hours prior to 
cooling and aging at a low temperature 





Treatment Skimmilk Membrane material 














of milk Substrates activity inactivation activity inaetivation 
(units/10 @. (units/10 g. 
S.N.F.) % S.N.F.) % 
Cooled immediately T-20 3.14 9.28 
and aged MB 1.56 1.2 
for 24 hrs. at TB 8.26 36.4 
Ote 5S C. MF 1.61 10.4 
Kept at 37°C. T-20 1.74 45 2.41 74 
for three hrs., MB 1.i¢ 28 3.85 47 
then aged at TB yee § 12 23.6 35 
0 to 5 C. for MEF 1.54 4.5 4.253 59 


24 hrs. 


resulting from this treatment is much greater for the activity of the membrane 
material than for the activity of the skimmilk. This difference could be attributed 
again to different enzyme systems involved in the plasma and in the membrane 
material, the latter being more sensitive to this treatment. An alternative inter- 
pretation of these results is that keeping the milk at 37° C. prior to aging in 
the cold may impair the adsorption of the enzyme system or its ability to be 
adsorbed on the membrane material. 

The pH-activity curve was determined for the activity of the membrane 
material (toward milk fat) obtained from milk of slight natural lipolytic activity. 
Two distinct pII optima were obtained, one at pH 8.8 and a smaller one at pH 
7.5. It is difficult to interpret these pH activity peaks in terms of multiple enzymes, 
because of the numerous factors that influence the shape of the pH-activity curve 
of an enzyme (0). 

Casein was prepared from fresh mixed normal milk by centrifugal sedimen- 
tation and rennet coagulation. Acid precipitation was not used for this purpose, 
because of the marked inactivation of milk lipase at pH levels below 6.6 (7, 8). 

The Sharples supereentrifuge was used to obtain large quantities of casein 
that could be lyophilized or used as such. For the specificity experiments a batch 
procedure was used by passing 250 ml. of skimmilk into the Sharples hollow bowl 
running at 56,000 r.p.m. and eentrifuging for 10 minutes at room temperature. 
The residual easein nitrogen of the whey in one run was 6% of the total casein 
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nitrogen in the skimmilk. The easein gel was collected from the inside of the centri- 
fuge bowl. A 10‘, suspension was prepared by redispersing the casein in dis- 
tilled water with the Omni-mixer at low speed, to avoid stable foam formation. 

The relative lipolytie activity of the casein gel was compared with that of 
the original skimmilk. From the specificity data (presented in Table 4) it appears 


TABLE 4 


Relative lipolytic activity of skimmilk and casein 








Relative 
Enzyme sources Substrates Activity activity 
(units per 
100 ml.) 
T-20 3.02 1.2 
Skimmilk MB 2.84 32 
TB 14.2 5.4 
MF 2.61 1.0 
T-20 2.21 0.90 
Casein MB 2.36 0.90 
(10% ) TB 8.88 3.5 
MF 2.51 1.0 








that the lipolytic activity of the casein toward all simple esters, especially tri- 
butyrin, decreases in relation to the activity toward milk fat. The fact that the 
relative lipolytic activity of milk does not remain constant upon fractionation 
is considered to be additional evidence for the presence of multiple lipolytic 
enzymes in milk. 

The casein gel obtained with the Sharples centrifuge was compared with 
rennet casein. Renet coagulation of skimmilk was earried out as follows: Fresh 
skimmilk was measured into 60-ml. centrifuge tubes and adjusted to 40° C. 
in a water bath. A 1% rennin solution was added at the rate of 0.5-ml. per 40 
ml. of milk, mixing thoroughly. A firm clot was obtained in 10 minutes. The 
curd was eut into sections with a sharp knife and then allowed to stand for one 
hour at room temperature. The tubes were then centrifuged at low speed, and 
the whey was poured off. The sedimented clot was resuspended in distilled water, 
as deseribed above. 

Results (Table 5) show that although lipase in the casein fractions could 
not be enriched, the recovery obtained was good (by the two procedures). 
These casein preparations would constitute suitable starting material for puri- 
fication work with milk lipase. It is evident that the major portion of lipase in 
normal milk is associated with the casein fraction. This has been accepted in 
the literature, but no data have been published heretofore on the relative concen- 
tration of lipase in this fraction. This study indicates that the lipase activity 
of casein constitutes 80 or 90% of the total activity (that of casein plus whey) in 
a given amount of milk. 


To determine whether milk lipase was associated with any size of aggregate 


of the casein complex, skimmilk was subjected to differential sedimentation with 
a Servall SS-1 supereentrifuge. Sedimentation was carried out in a cold room 
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TABLE 5 


Lipase activity* of skimmilk fractions 





Fractions Total Protein Specific 
Treatment obtained Volume Activity activity N activity Yield 








(units/g 
(ml. ) (units/ml) (units) (mg/ml) (proteinN) (9%) 


Sharples Skimmilk 250 0.0322 7.5 35.3 0.91 100 
centrifuge, Casein gel (260) ” 0.0205 5.3 25.1 0.82 71 
56,000 r.p.m., Whey 220 0.0060 1.3 9.7 0.62 17 
10 min. Skimmilk 80 0.0335 2.7 34.0 0.99 100 
Rennet Casein eurd (100)” 0.0251 2.5 22.1 1.14 94 
coagulation Whey 57 0.0046 0.26 8.1 0.57 10 











“Substrate: Milk fat. 
” Made-up volumes. 


at 5° C. for various lengths of time up to four hours at full speed (25,000 g.). 
The activity of the fractions obtained at various centrifuging times showed that 
lipase was not associated preferentially with any particular size of casein aggre- 
gate. Poor recovery of lipase in the casein fractions probably was obtained by 
this procedure because of prolonged centrifugation. 


DISCUSSION 

Data on the partition of the lipolytic activity of milk between plasma and 
fat-globule membrane, and on the relative lipolytic activity of these fractions 
toward various substrates show that, besides simple esterases, milk contains two 
distinct lipases. One is ‘‘the lipase of normal milk,’’ which is associated with the 
caseinate fraction, and the other is ‘‘naturally active lipase,’’ which is preferen- 
tially and irreversibly adsorbed onto the fat-globule membrane material when milk 
is cooled. Both enzymes are present in all milks; but in certain milk — so-called 
‘‘naturally active milk,’’ usually from cows late in lactation and on dry feed — 
the naturally active lipase is present in high concentration. Concentration of this 
lipase varies from a very low one in normal milk, which will not develop percep- 
tible hydrolytic rancidity on cooling and aging for over 48 hours, to milk of 
high natural lipolytic activity, which will become strongly rancid within one-half 
hour after cooling. Factors other than enzyme concentration, such as the possible 
presence of inhibitor (3, 23), may affect the activity of naturally active lipase 
and therefore may play a role in determining the degree of spontaneous lipolysis 
in various milks. However, the possibility that one and the same lipase is in- 
volved in both ‘‘indueed’’ and ‘‘spontaneous’’ lipolysis is ruled out by the great 
difference in concentration of the naturally active lipase in spontaneous milk and 
its concentration in normal milk; by the preferential adsorption of naturally 
active lipase onto the membrane material upon cooling of milk, and by the differ- 
ence in the relative lipolytic activity of membrane material and the correspond- 
ing skimmilk toward different esters. It is remotely possible that the preferential 
adsorption might be attributed to the difference in adsorption characteristics 
of the fat-globule membrane in different milks, rather than to the distinct lipase 
systems ; however, the evidence on the difference in the relative lipolytic aetivity 
toward different esters makes such an explanation untenable. 








428 N. P. TARASSUK AND FE. N. FRANKEL 


The modes of lipolysis produced by lipase of normal milk and by naturally 
active lipase are different. In freshly drawn milk, both lipases are in the plasma 
of milk. Upon cooling of milk, the adsorption of naturally active lipase on the 
fat-globule surface takes place and the lipolysis is effected. On the other hand, 
the lipase of normal milk remains in the plasma and 90% of its total activity 
is associated with the caseinate fraction. To bring about lipolysis by the lipase of 
normal milk, certain ‘‘activation treatments’’ (homogenization, temperature 
treatments, or agitation) are necessary. It has been commonly regarded that 
the entire effect of these activation treatments is on the substrate (9). It was 
postulated (26) that the natural membrane material around fat globules as it 
exists prior to activation protects the fat from lipolysis. Recent evidence on 
the mechanism of lipolysis by air agitation (22) indicates that the activating 
treatment is dependent for its effectiveness not only on changes in the substrate 
but also upon effects on the enzyme itself. The lipase of normal milk is in the 
caseinate fraction. The fat-globule membrane material is free of casein. To 
effect or to induce the lipolysis in normal milk, the caseinate fraction carrying 
lipase must be preferentially concentrated in the fat-plasma interface and become 
a part of the adsorption layer around the fat globules, for the union of enzyme 
with the substrate to take place. The role of ‘‘activating treatments’’ is to pro- 
mote and accomplish the adsorption of the enzyme on the surface of fat globules 
where lipolysis occurs. Adsorption of naturally active lipase is accomplished 
simply by cooling the milk. Lipase of normal milk remains in the plasma after 
cooling ; therefore, ‘‘activating treatments’’ are needed to bring about adsorption 
of the enzyme upon the substrate. Such changes in the natural adsorption layer 
around the fat globules as accomplished by activation treatments are necessary 
for adsorption of the lipase of normal milk on the surface of fat globules. In 
this sense, the natural membrane around the fat globules does protect the 
fat from lipolysis. Onee the enzyme is adsorbed on the fat-globule surface, it is 
doubtful that the membrane material surrounding the fat globules could protect 
the fat from lipolysis. The natural adsorption layer around fat globules is neither 
continuous nor absolutely impervious (7), especially to sueh relatively small 
protein molecules as the enzymes. This is certainly true in lipolysis by a naturally 
active lipase or by the addition of steapsin to milk (26), in which it is not neces- 
sary to ‘‘resurface”’ or ‘‘denude”’ fat globules for lipase action on fat as it exists 
in milk. 

The fact that both milk lipases are in the plasma of freshly drawn milk, and 
that their respective adsorption on the substrate requires cooling in one case 
and activation treatment in the other, explains why milk as it comes from the 
cow is never rancid. 


Distinetion between the two lipases is of great importance in the control of 
raneidity in milk. Because of their differences in mode of lipolysis, the control 
measures are necessarily different. Failure to distinguish between the mode of 
action of these two lipases and to agree on their terminology has further com- 
plicated an understanding of rancidity and its control. The authors propose 
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to designate the naturally aetive lipase — that adsorbed on the fat-globule mem- 
brane material upon cooling of milk — as the **membrane lipase’’ of milk; and 
they propose to designate the lipase of normal milk that involved in induced 


lipolysis — as the ** plasma lipase’’ of milk. 


CONCLUSIONS 


All cow's milk contains at least two different lipase systems. One is ‘*natural- 
lv active lipase.”* whieh is irreversibly adsorbed on the fat-globule membrane 
material upon the cooling of freshly drawn milk; the other is **lipase of normal 
milk,’’ which remains in the plasma and is associated with the caseinate fraction. 

The difference between naturally lipolytieally aetive milk and normal milk 
is the difference in concentration of naturally active lipase. Naturally active 
milk, which usually comes from cows late in lactation and on dry feed, contains 
the naturally active lipase in high concentration. 

The naturally active lipase can be separated from the lipase of normal milk 
by washing (freeing from milk plasma) the cream cbtained from precooled, 
freshly drawn milk and isolating the membrane material upon which the enzyme 
is adsorbed. 

Data on partition and specificity of two lipase systems have been presented, 
and the mode of lipolysis by each enzyme has been discussed. 

To distinguish clearly the relative group specificity of these two lipase systems 
and their different modes of lipolysis, it is proposed that the naturally active 
lipase (that adsorbed on fat-globule membrane material on cooling of milk) 
shall be called the **membrane lipase’’ of milk, and that the other be called the 
‘plasma lipase’? of milk. 
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Reducing Steam Costs in the Dairy Plant 


Cart W. Hau 


Department of Agricultural Engineering, Michigan State University, East Lansing 


Fach year over five billion pounds of milk 
are processed in Chio (and Michigan). This 
requires one billion pounds of steam at a cost 
of three million dollars, if carried out aceord- 
ing to present practices. When using faulty 
equipment and following poor practices, the 
cost of steam is often actually 20 per cent 
greater than it should be. 


Steam Needs 


The major steam requirements are as fol- 
lows: 
1) Can-washer—three pounds of steam per 


100 Ib. of milk. 
2) HTST pasteurizer—seven 
steam per 100 Ib. of milk. 
Bottle- and ease-washer 
steam per 100 Ib. of milk. 
Clean-up—5 Ib. of steam per 


milk. 


pounds of 


five 


pounds of 


100 Ih. of 


This makes a total of approximately 20 Ib. 
of steam for 100 Ib. of milk processed, at a cost 
of $0.06. 


Cost 


Steam costs should be analyzed on the basis 
ot: 
1) Pressure used. 
2) Boiler efficiency. 
3) Piping and valve operation. 
4) Utilization of steam at processing equip- 
ment. 


The cost of steam in a medium-small plant 
varies considerably, from $2.50 to $6 for each 


1,000 Jb. Cost of steam for a particular 
plant does not varv greatly with different 
sizes of boilers (Fig. 1). For example, 


a plant processing 75,000 Ib. of milk per day 
would have a steam cost of $2.50 for a 75 BHP 
boiler, as compared to $2.50 for a 150 BHP 
boiler. The cost of steam depends primarily 
upon labor costs, and in many areas an extra 


Presented at the Ohio Dairy Technology Con- 
ference, Columbus, Ohio, February 5-8, 1957. 
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Fic. 1. Estimated steam costs for dairy plant 
using low and high pressure. 


man is required for operating a_ boiler for 
generating high steam (above 15 p.s.i.). By 
operating the boiler at low pressure (below 15 
p.s.l.) the cost of steam would be reduced one- 
half; that is, instead of $3 per 1,000 Ib. of 
steam, the cost would be $1.50. 


Low-Pressure Steam 


You might ask, “Why has high-pressure 
steam been used in the dairy plant in the 
past?” The principal reason is that the can- 
washer is often supplied with high-pressure 
steam at a temperature of 212 degrees Fahren- 
heit and higher for the final rinse. In order to 
provide high-temperature steam at the can- 
washer, pressures up to 75 lb. per sq. in. are 
generated at the boiler. Also, some pasteur- 
izing systems require high-pressure steam. 
With the elimination of the receiving rooms of 
many dairy plants, the need for high-pressure 
steam is reduced. The installation should be 
made so that it can be used for high pressure 
steam if needed at a later date. With well- 
insulated steam lines, and steam at ten p.s.i. 
supplied to the equipment, a temperature of 


451 
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240 degrees Fahrenheit will prevail. If a low- 


pressure steam system is used 
1) A special boiler operator would not be 
required in most areas. 

2) Steam at 10 p.s.i. and 240 degrees Fahren- 
heit can be delivered to the equipment if 
steam lines are insulated. 

3) A larger-sized pipe is needed, e.g., to de- 
liver 55 Ib. per min., a 4-in. diameter pipe 
is needed for steam at 10 to 15 p.s.i.; 
whereas, a 3-in. pipe is needed at 75 p.s.i. 

t) Maintenance problems will decrease. 
Traps, including the operation and con- 
trols, give less trouble. 

5) Fuel requirements decrease. 


Efficiency and Piping 
The possibility of reducing costs in steam 
operations is unlimited. The following savings 
ean be obtained in practically every plant: 
1. By increasing the efficiency of the boiler 
five per cent, it is very easy to make a 
savings of one-half pound of steam per 
100 Ib. of milk processed. Boiler efficiency 
is improved by: 
(a) Keeping the transfer tubes clean on 
water and heated side. 
(b) Maintaining proper fuel combus- 
tion. 
(¢) Maintaining proper air-fuel ratio. 
(d) Selecting fuel wisely. 

2. By providing insulation on 50 ft. of 3-in. 
steam line in a medium-sized plant a sav- 
ings of one-fifth pound of steam per 100 
lb. of milk is made. 

3. Steam leaks around valves and connections 
cause considerable loss. This loss is from 
zero to one-half pound of steam per 100 Ib. 
of milk. 

4. By returning the condensate to the boiler, 
the reduction in steam cost, in addition to 
reducing problems of water treatment, 
provides a savings of three-fourths pound 
of steam per 100 Ib. of milk. 


~ 


These provide a possible savings of one and 
one-half to two pounds of steam per 100 lb. of 
milk for miscellaneous losses, over and above 
the savings which can be made by the efficient 
use of steam at the equipment. A savings of 
two pounds per 100 Ib. of milk would provide 
a daily savings of $2.40 in a plant handling 
40,000 Ib. per day. 

Equipment 

It is possible in many operations to make the 
following savings in steam requirements at the 
equipment : 

1) Can-washer—one pound of steam per 100 

lb. of milk. 

2) HTST pasteurizer instead of a batch- 

five pounds of steam per 100 Ib. of milk. 


3) Bottle- and case-washer—one pound of 
steam per 100 Ib. of milk. 
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4) Clean-up—one pound of steam per 100 
lb. of milk. 


These provide a potential savings of eight 
pounds of steam per 100 Ib. of milk. 

Thus, on a 40,000 lb.-per-day processing op- 
eration, 2,000 lb. of steam, or $6 per day, could 
be saved by using the short-time instead of the 
batch-pasteurizing operation. Many of you have 
already made that change. The savings at the 
can-washer, bottle- and case-washer, and clean- 
up provide an additional potential savings of 
1,200 lb. of steam, or $3.60 per day. 

How can these savings be accomplished? The 
following check list can be used to determine 
ways to effect savings: 


1) Controls or valve handles on steam lines 
should be readily accessible to the op- 
erator. 

2) Valves and jets in the washer should work 

properly. 

Proper kinds and amounts of washing 

compounds for wash water for can-washer 

and bottle- and case-washer should be 
used. 

+) Heat-transfer surfaces should be kept 
clean, 

5) Regenerative heating-cooling 
used for conserving heat. 

6) Condensate should be returned to the 
boiler wherever possible. 

7) Excessive rinsing of equipment with hot 
water while cleaning should be avoided. 

S) Exeessive overflow trom bottle- and ease- 
washer should be avoided. 


should be 


Summary 


The possibility of increasing efficiency, de- 
creasing the steam requirements, decreasing the 
unit costs, and thereby the total cost of steam 
operations for your plant is in your hands. 
Start at the boiler. Analyze your needs with 
respect to pressure, and possibly eliminate high- 
pressure steam systems. With low pressure, the 
cost of steam can be reduced one-half for plants 
processing less than 80.000 Ib. per day. For 
instance, a 40,000 lb.-per-day plant spends ap- 
proximately $24 per day for high-pressure 
steam, but by using low-pressure steam, the 
daily cost of operation can be reduced to $12 
or less per day. Then, analyze the efficiency 
of the boiler and its distribution system, in- 
eluding valves, connections, insulation, ete. 
Trace the steam to the equipment in which it 
is used. Check the operation of equipment, to 
make sure that every pound of steam which 
enters the equipment does useful work. By using 
better methods each plant could on the average 
reduce its steam requirements by five pounds for 
each 100 Ib. of milk processed. This would 
amount to a daily savings of approximately 
$6 per day for a plant handling 40,000 Ib. per 
day. 
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Reducing Refrigeration Costs in the Dairy Plant 


Cart W. Hau 


Department of Agricultural Engineering, Michigan State University, Fast Lansing 


Each year over five billion pounds of milk 
are processed in Ohio (and Michigan). This 
requires an estimated fifty million ton-hour of 
refrigeration, and at $0.06 per ton-hour, an an- 
nual cost of three million dollars. The cost of re- 
frigeration for a 30,000 to 70,000 pound-per-day 
plant, based on today’s equipment prices, is 
about $0.06 per ton of refrigeration for each 
hour. Some plants are getting their refrigera- 
tion at a much lower cost, because their installa- 
tions were made when lower prices prevailed. 
Qne ton of refrigeration will remove 12,000 
B.t.u.’s per hour. 

To analyze refrigeration costs, (1) check op- 
eration efficiency, (2) check refrigeration needs 
and use at equipment. 


Refrigeration Needs 


The major refrigeration requirements for a 
40,000 pound-per-day plant are as follows: 
(1) Cooling raw milk through 20 degrees F. 
70 ton-hours, $4.20. 
(2) High-temperature short-time pasteuriza- 
tion—98.7 ton-hours, $5.92. 
(3) Refrigerated storage for milk 
hours, $13. 
This makes a total of $23.12. 
Hlow can these refrigeration costs be re- 
duced? The main operating cost is the elee- 
tricity, which amounts to about 1 kw.-hr. per 
ton, with the major usage of electricity in the 
plant being for the refrigeration compressor. 


216 ton- 


Reducing Costs 


The major operating technique which should 
be understood by every plant manager and by 
the operator of the equipment is that the head 
pressure should be kept as low as_ possible. 
When operating at 150 p.s.i. head pressure in- 
stead of 200 p.s.i., the operational cost is re- 
duced 16.5 per cent, for a daily cost of $3.20. 
The head pressure is affected and controlled 
mainly by the amount and temperature of 
cooling water supplied, and by the cleanliness 
and area of condenser surfaces. It may be 
economical in many plants to reduce the cost 
of cooling the condenser by use of a cooling 
tower to decrease the fresh-water requirements. 
It is often possible to pay for a cooling tower 
in five years by the savings in water costs, de- 
pending on the cost of the water being used. 
Another important factor in operating the 
compressor is that the suction pressure should 
be kept as high as possible. By operating at 
35 p.s.i. instead of 25 p.s.i., the capacity of the 


Presented at the Ohio Dairy Technology Con- 
ference, Columbus, Ohio, February 5-8, 1957. 


system is increased 30 per cent. On the exam- 
ple above, this would amount to a reduction in 
daily operating cost of $2.30 (10 per cent of op- 
erating costs). Another method of reducing re- 
frigeration costs, particularly for cold storages, 
is to provide a method of defrosting such that 
the refrigeration load from the storage is not 
lost. 

Use of ice builders will help keep demand 
low, with consequent low electrical charge. 
Keep oil out of the refrigeration system. Keep 
noncondensable gases from the system. As with 
heating, the cooling surfaces should be kept 
clean. Performance of the system should be 
checked regularly. The quickest and easiest 
way to save on refrigeration costs is to mini- 
mize the needs for refrigeration, through use 
of improved processing methods, such as cold 
separation and high-temperature short-time pas- 
teurization. Cold water, where available, should 
be used for all cooling. 


Partial Check List for Refrigeration 
Operation 


1. Maintain high suction pressures (as high 
a temperature as possible in evaporator). 

2. Maintain low head pressure. 

3. Check expansion valve monthly (frost 
should not occur on outside of pipes back 
to compressor). 

4. Purge system of oil. 

5. Remove nonecondensable gases. 

6. Keep condenser tubes clean. 

7. Defrost evaporator regularly. 

8. Use two-stage systems for low-temperature 
applications. 

9. Control system automatieally. 

10. Consider use of cooling tower, if water is 
purchased or of low supply. 

1? Select oil which will not solidify or evap- 
orate. 

12. Keep compressor in good condition—valves, 
pistons, rings, bearings. 

13. Check entire system for leaks. 

+. Check motor, condition of belt, belt ten- 
sion, alignment of motor and belt. 

15. Check losses of refrigerated air or product. 


Summary 

The first step in reducing costs of refrigera- 
tion is to produce the refrigeration efficiently, 
by operating at as high a suction pressure and 
at as low a head pressure as possible, while 
still maintaining the desired evaporator tem- 
perature. By following these practices, it is 
estimated many plant operators can reduce their 
costs on an average of $3 per day for a plant 
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with 40,000-lb. capacity. The next step is to re- 
duce the need for these refrigeration services 
wherever possible. Then study each individual 
operation, to locate sources of energy losses. The 


principles are the same, whether steam or re- 
frigeration are involved. If the plant opera- 
tions are observed critically, costs can be re- 
duced and income increased, 


Recent Developments in Refrigerated Transportation’ 
S. E. Crorrs, Vice-President 


Batavia Body Company, Inc., Batavia, Illinois 


During the last few years there have been 
many changes in refrigerated transportation 
equipment, including types of bodies and 
methods of refrigerating them. More rigid 
health requirements for delivering products to 
dealers and to consumers have made it neces- 
sary to depart from standards formerly con- 
sidered acceptable. 

Kinds of roads, routes, whether 
they are in heavily populated, urban centers 
or in sparsely settled, rural areas, where dis- 
tances between cities are greater, have resulted 
in the development of different kinds of trans- 
portation equipment and in methods of refrig- 
erating them to meet these requirements. Those 
of us who are responsible for the activities 
of our companies have the knowledge for only 
general supervision. We rely on the specialists 
in our organization for the detailed and tech- 
nical knowledge required to properly take care 
of the various functions involved in the produe- 
tion of refrigerated bodies. 

Primarily, bodies used for delivery of perish- 
able food products should be kept sanitary. 
Such bodies should be lined with metal sheets, 
so they can be thoroughly and _ frequently 
washed, without moisture entering the insula- 
tion or the structural members, causing dete- 
rioration and impairing efficiency. Floors of 
bodies should be protected by a metal floor 
pan, extending up the side walls a reasonable 
distance. Thickness and type of floor pan de- 
pend entirely on type of load to be carried. 
Doors should be low and close enough to the 
ground to facilitate easy access to the prod- 
ucts, and kick plates should be installed under 
each door opening; otherwise, the paint will 
soon become seuffed and the protection it 
affords will be lost. Doors should be equipped 
with safety releases. Cut-out steps should be 
provided under each door, to facilitate entry, 
or ease of reaching into the body. (Lack of this 
feature in many instances has been the cause 
of serious injury to the truck operator.) The 
number and variety of articles contained in 
the average load in an ice cream delivery body, 
for example, have emphasized this matter of 


sizes of 


* Presented at the Twenty-fourth Annual Dairy 
Technology Conference, The Ohio State 
sity, Columbus, February 7, 1957. 


Univer- 


easy aceess, and have resulted in the use of 
doors on each side of the body—considered 
very dangerous and unnecessary years ago, 
but now generally accepted without question. 

Provision must be made to use rust-resistant 
material or inhibitors in body construction, 
and to prevent and combat entry of moisture 
into the insulation and structural members. In 
low-temperature truck bodies a properly and 
efficiently designed vapor seal will greatly assist 
in keeping moisture out of insulation. Also, 
an ounce of prevention, so-called, will produce 
more than a pound of cure, if processors will 
desist from the popular practice of defrosting 
a low-temperature hold-over plate by means of 
a hose, using either cold or hot water. This 
practice is the cause of many moisture prob- 
lems found in insulated and refrigerated 
bodies. Refrigeration requirements should be 
carefully caleulated and based on size of body, 
thickness of insulation, time away from plant, 
number of times doors are opened, and the 
worst possible climatic conditions. It is much 
better to over-refrigerate a unit than to lose 
a payload because the job was equipped with 
just enough refrigeration to handle average 
conditions. 

Briefly, these are some of the items which 
all manufacturers of good refrigerated truck 
bodies check carefully in producing units for 
your use. There are now in use several different 
styles of bodies and methods of refrigeration. 
Some of these are: (1) The commonly accepted 
hold-over plates in which the eutectic solution 
is frozen with either a connection with a cen- 
tral ammonia system at the plant or a_ self- 
contained Freon condensing unit carried on 
the truck body. (2) A continuous over-the- 
road system’ with a stand-by condensing unit 
for use when the body is being loaded or is 
back at the main plant. This system has become 


“Some continuous refrigeration systems: THER- 
MO KING—blower; COLDMOBILE—blower with 
stand-by; MARK B, by Tranter—blower with 
stand-by; CROWN, by Tranter—hydraulic with 
stand-by; GENERAL ELECTRIC—electrie with 
stand-by; ONAN GENERATOR—gas engine with 
electric stand-by; ROVAN, by G. E.—eleetriec 
blower with stand-by; BATAVIA—hydraulie with 
stand-by. 
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more widely used, because of larger body e¢a- 
pacity, longer routes—which necessitate absence 
from the manufacturing plant for one or more 
days—and reduction in number of manufactur- 
ing bases as sources of supply for the delivery 
equipment. These over-the-road systems are 
available for use not only on large wholesale 
units but are also adaptable to semi-trailer 
bodies, on which they may be connected to a 
motorized axle which furnishes the power while 
the unit is traveling over the road and makes 
the trailer body itself independent of any one 
tractor. This type of installation also has the 
stand-by unit for use wherever it may be based 
overnight. 

(3) There are the blower systems for 
use in either high- or low-temperature work, 
operated by a gasoline motor, by a drive-shaft 
connection, or by being belted directly to the 
truck engine. All of these systems have their 
places, based on requirements of individual 
users. (4) Large-capacity bodies for wholesale 
delivery of ice cream or other dairy products 
have become essential. The use of the small- 
capacity unit is past. Capacities of ice creain 
bodies now average between 1,000 and 1,600 
gallons or more, for reguiar wholesale routes. 
(5) Use of semi-trailers for delivery of ice 
cream from the manufacturing base to distant 
distributing points is definitely increasing. The 
capacity of these trailers will average almost 
5,000 gallons. (6) Wholesale milk or dairy prod- 
ucts other than ice cream units will now have 
an average carrying capacity between 175 and 
275 cases of milk, and almost all are refrig- 
ated. Delivery of dairy products or other 
perishable foods to the consumer in a_non- 
refrigerated body is rapidly becoming a thing 
of the past. Not only is this true of wholesale 
delivery but it is also becoming more and 
more in effect for retail or house-to-house de- 
livery. (7) More rigid restrictions by various 
state laws, on the larger capacity equipment, as 
to permissible weights on each axle, have re- 
sulted in body manufacturers devising ways 
and means of reducing the empty weight of 
the bodies and the refrigeration systems. This 
is being done by using lighter-weight metals, 
lighter-weight insulating materials, and by in- 
stalling thinner hold-over plates in the case of 
over-the-road refrigeration systems. Several 
hundred pounds of hold-over plates alone may 
be saved by using %-inch instead of 25¢-inch 
plates in large-capacity bodies where a contin- 
uous refrigerating system is practicable. (8) At 
present, there is a trend toward the use of 
aluminum hold-over plates, instead of the steel 
types which have been commonly accepted for 
years. Claims are made for these aluminum 
plates that, in addition to the weight saving, 
they (a) have a greater rate of heat transfer, 
(6) contain more feet of refrigerant tubing, 
(c) have a greater B.T.U. hold-over capacity, 
(d) eliminate or greatly reduce the frost build- 
up on the plates, ete. 


Body manufacturers are continually experi- 
menting with aluminum, magnesium, and more 
recently, plastic, for use in various parts of 
the bodies, not only for cutting down the 
weight but for securing a better deterrent of 
moisture-conduction into the insulation and 
structural members. 

Aluminum sheets are being cast for experi- 
mental use as exterior panels, with lengthwise 
openings which carry the refrigerant. This 
would be practically a direct expansion system, 
with no hold-over feature, and would be for 
constant or continuous refrigeration systems 
only. Some of the outstanding features claimed 
for plastic panels reinforced with Fiberglas are, 
that they (a) have a high resistance to rust 
and corrosion, (4) have exeellent * sulating 
qualities, (¢c) effect a considerable «eduction 
in body weight, (d) greatly improve the body 
sanitation, (e) reduce maintenance, and are 
easy to repair, because they are resilient and 
not easily dented. Also, this material is not 
an electrical conductor, and apparently will 
not absorb odors. It may be easily painted any 
color. 

It is believed that you may look for rapid 
advances along these lines in the next few years. 
(9) A very important factor for processors 
is the time consumed in loading the bodies, 
and in delivering the daily load. Doors on 
both sides of ice cream bodies have already 
been referred to; they have been definitely 
accepted as a great time-saver on wholesale 
routes. During the last couple of years, an- 
other style of body has come into use for whole- 
sale ice cream delivery, which it is claimed saves 
as much as two hours a day on routes averag- 
ing 40 customers. This is what is commonly 
called a walk-in type body, with entry through 
almost a full-height rear door. 

Arriving at any delivery point, the driver 
enters the body through this large rear door, 
which is equipped with an inside safety latch. 
Unless the driver is well over average height, 
he works easily, without stooping, as he moves 
up and down the wide aisle which is in the 
center of the body. He quickly selects the 
items he wants from the stock, on the shelves 
that extend almost the entire length of the 
body on each side. 

Items picked for each delivery are placed 
to the right rear side of the body, adjacent 
to a curb-side door. When the order is ready 
to take into the store, the driver, emerging 
from the truck, goes around to the curb side 
for just a moment, takes a hand-truck from the 
back of the body and, setting it in place, stacks 
the order and makes rapid delivery. With only 
two doors to open instead of as many as six, 
the driver presumably saves time and _ foot- 
work. (10) Another method of saving time has 
been adapted to semi-trailers, equipped with 
conveyors which speed up the loading and per- 
mit the body to get to the destination sooner, 
also expedite the time when the unit may be 
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connected to the refrigerating system after the 
loading operation is completed. (1/1) For 
wholesale-milk bodies, a new system of loading 
has been introduced, called pallet-loading. A 
specially designed body which permits high- 
pallet-loading is equipped with full- 
width rear doors which, when open, expose 
the entire rear loading area and make the full 
width of the body accessible. The floor inside 
the body has been raised above the wheel hous- 
ings, to the height of the normal loading dock. 
Special raised bumpers afford quick spotting 
of the truck at the docks and permit the use 
of dock boards without danger of damage to 
the body. 

An extruded aluminum floor provides light- 
weight, rust-proof, nonslip surface. It is 
pitched to drain quickly, is easy to flush out, and 
replaces the corrugated steel floors in other 
type models. Hold-over plates are located high 
around the inside perimeter of the walls, to 
allow loading the pallets, stacked five cases 
high, flush with either side or front wall. All 
refrigeration lines are recessed within the walls 
to eliminate danger of breakage. Users of this 
type of body, equipped with an automatie lift- 
cart, pick up 45 cases of milk on a pallet, de- 
posit the payload, and return to the warehouse 
to repeat the process seven times. This spe- 
cial body has a capacity of eight pallet loads 
(7 full pallets and 1 empty), and is loaded 
by only a single worker. 

Deliveries are unloaded in full cases from 
the side door on the body and empties are 
replaced on the pallet skids. On his return, 
the driver has the option of unloading imme- 
diately or leaving the unsold quantities, if 
any, in the truck overnight. The body is fully 
refrigerated and insulated sufficiently to allow 
this margin of protection. However, when the 
driver chooses to unload completely, he backs 
up to the dock and unloads 360 cases of empties, 
stacked on the eight pallets. 

It is estimated that this system of operation 
is credited with reducing handling operations, 
risk of breakage, and man-power costs. Time 
in loading and unloading with this system (7 
minutes to load and unload) has been stated 
to be about one-third of that in the old-type 
operations. (/2) Another type of body which 


speed 


has become widely used during the last few 
years is a combination unit which carries two 
temperatures, one temperature for ice cream or 
other frozen foods, at well below zero in one 
section, and another temperature for milk or 
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other dairy products, at approximately 35° to 
40° in the other section. This is more com- 
monly used in parts of the country where the 
population is widely scattered and where dis- 
tances between towns are great. It is economical 
to use in these sections, because it not only 
has sufficient storage capacity to properly serv- 
ice the scattered routes but saves the expense 
of two drivers, which would be necessary if 
separate pieces of equipment were sent out, 
one handling only ice cream and the other only 
milk or dairy products. 

We have built and are building many of 
these two-temperature bodies, with capacities 
of as high as 700 gallons of ice cream in the 
low-temperature section and 200 cases of milk 
in the high-temperature portion of the body. 
Some of these are refrigerated by heavy-duty 
hold-over plates, with separate compressors for 
the low- and high-temperature compartments. 
Others are equipped with a continuous refrig- 
erating system which functions with the thin 
plates or, as we referred to them, %-inch or 
l-inch plates, and the stand-by refrigerating 
unit, for use when the body is stored at night. 

These are the developments and trends in 
refrigerated transportation equipment, as we 
see them, namely, (/) Larger-capacity bodies 
for wholesale delivery; (2) inereased use of 
semi-trailers; (3) lighter-weight bodies; (4) 
lighter-weight refrigeration equipment; (5) 
continuous over-the-road refrigerating systems, 
with stand-by units for use at base of opera- 
tions; (6) walk-in type ice cream and frozen 
products bodies; (7) pallet-loading in whole- 
sale-milk bodies; (8) use of conveyors in load- 
ing semi-trailers, (9) eombination two-tempera- 
ture bodies. 


Another unit has come into use during the 
last three or four years, called a portable slide- 
on refrigerated body, which may be installed 
without difficulty on a %4-ton or 1-ton pick-up 
truck. It is adopted principally for house-to- 
house delivery in rural routes, and is available 
in two or three different sizes. It carries its 
own condensing unit and has proper hold- 
over facilities, to last during the time it is 
away from the plant. 

Body manufacturers recognize the need of 
designing refrigerated bodies to meet the neces- 
sity of saving weight and cutting down loading 
and delivery time—all necessitated by changed 
conditions and the many different articles 
which comprise the payload. 
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TECHNICAL NOTES 


INFLUENCE OF COTTAGE CHEESE 


STARTER ORGANISMS ON 


STRENGTH OF CURD AT TIME OF CUTTING 


Hammer and Babel (1) reported a number 
of investigations on the proteolytic properties 
of butter cultures and noted that proteolysis 
was evident in freshly coagulated cultures. 
They suggested that proteolysis may _ benefit 
flavor production by the flavor organisms. 

Recently, van der Zant and Nelson (2) 
studied the proteolysis of Streptococcus lactis 
and found definite increases in the free tyrosine 
and tryptophan content of milk after four hours 
of incubation. 

While this property of the organism may 
be of little apparent significance in butter cul- 
tures, it may be related directly to certain 
aspects of the manufacture of cottage cheese. 

In the study reported here, eight different 
commercial cultures were selected and carried 
under as nearly identical conditions as pos- 
sible. All of these cultures when used as start- 
ers developed a whey acidity of 0.55-% in five 
and one-fourth to six hours and have been 
used satisfactorily in the manufacture of cot- 
tage cheese. 

The effect of each culture on curd firmness 
was determined by measuring this property 
under conditions simulating the setting of milk 
during the manufacturing of cottage cheese. 
A Cherry-Burrell curd meter of the type re- 
cently made available was used for this pur- 
pose. Curd firmness under these conditions is 
believed to reflect the relative degree of prote- 
olysis caused by different organisms of the eul- 
tures employed. 

Four to five six-ounce cans were filled with 
180 ml. of 11-% reconstituted nonfat dry milk. 
After adjusting to 90° F., 0.75-ml. of 1: 100 
commercial cottage cheese coagulator was add- 
ed, with 7.5 ml. of the starter to be tested. 
The samples were held at 89° to 90° F. for 
about five hours and one sample was removed 
and tested for firmness and acidity of the 


TABLE 1 


Curd strength of reconstituted nonfat dry milk 
(11%) when interpolated to 0.55-C whey acidity 


Hours to 
reach 





0.55-% 

whey 

Starter Trial (Curd strength in gm.) acidity 

1 2 3 Av. 

F 11 137 137 144 139 5.42 
F 12 130 126 130 125 5.75 
L 12 108 135 130 124 5.25 
F114 120 119 114 118 5.25 
F 10 124 131 98 118 5.25 
L, 127 120 113 109 114 5.42 
F J 84 109 101 98 6.00 
E 1 89 90 62 80 5.33 
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Fic. 1. Relation between whey acidity and rate 
of firming of cottage cheese curd for eight cultures. 


whey. Depending upon the whey acidity, the 
remainder of the samples was removed at about 
15-minute intervals and tested for curd strength 
and for acidity of the filtered whey.: These re- 
sults were then plotted and the curd strength 
interpolated for 0.55-% whey acidity. 

Table 1 shows the curd strength of the re- 
constituted nonfat dry milk at 0.55-% whey 
acidity. Each starter is fairly consistent in 
its ability to form curd of a given strength. 
There is no relationship between the firmness 
of the curd and time to reach 0.55-% whey 
acidity. 

Figure 1 shows the relationship between 
whey acidity and curd firmness, produced by 
the different cultures during a constant time 
interval. For comparison, a eurd strength of 
50 gm. would be considered a soft coagulum 
by the cottage cheese maker. A curd strength 
of approximately 100 gm. would be considered 
normal, and .a curd strength of 160 gm. would 
be considered firm. Starters developing acid 
at normal rates produced various curd strengths 
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in the milk at time of eutting. The various 
curd strengths appear to be reproducible for 
each starter. Figure 1 also shows that the rate 
of curd firming by the different starters varies 
linearly with the acid development over the 
range shown. 

Results obtained in this study indicate that 
the starter used in the manufacture of cottage 
cheese significantly affects firmness of the curd 
at time of cutting. This presumably is due to 
variations in the proteolytie activity of different 
types of organisms present in the different 
cultures, 
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PRELIMINARY FERTILITY RESULTS FROM THE PRESERVATION 
OF BOVINE SEMEN AT ROOM TEMPERATURES 


The preservation of fertility of semen at room 
temperature would be of great economic in- 
portance and would serve to facilitate the in- 
creased use of artificial insemination, especially 
in areas where refrigeration is not available. 
Numerous attempts to store sperm at room 
temperature have not been successful, because 
of the limited sperm survival obtained (7, 2, 
3, 8,9). Recent investigations at the University 
of Illinois, involving the effeet of carbon diox- 
ide on spermatozoa, have resulted in the de- 
velopment of a method which successfully pre- 
serves the motility and fertility of bovine 
semen for several days at room temperatures. 
Details concerning the effects of COz on sperm 
motility, and the development of media for 
room-temperature storage, will soon be = sub- 
mitted for publication in this journal (6, 7). 
The effects of COs on sperm metabolism are 
being published elsewhere (4, 5). 

The preservation of bovine semen at room 
temperature has been achieved by incorporating 
COz into a suitable diluent and hermetically 
sealing the diluted semen in ampules. The 


diluent was composed of 20.0 gm. sodiuin citrate 
dihydrate, 2.1 gm. sodium bicarbonate, 0.4 gm. 
potassium chloride, 3.0 gm. glucose, and 3.0 
gm. sulfanilamide, dissolved (by heating to near 
boiling) in a liter of water distilled over glass. 
This solution was then cooled to room tem- 
perature and was saturated with carbon dioxide 
by bubbling the gas through it for ten minutes 
(or until the pH was reduced to about 6.35). 
After saturation with COs, 1,000 I.U. penicillin 
and 1,000 pg. dihydrostreptomycin sulfate per 
ml. of diluent were added, along with sufficient 
fresh egg yolk to make a final diluent consist- 
ing of ten per cent yolk. This diluent is called 
the Illini Variable Temperature (IVT) diluter. 

The effectiveness of this new method for 
storing semen at room temperatures was tested 
by comparing nonreturn-to-service rates of cows 
bred with IVT-diluted semen versus yolk-citrate 
split-ejaculate tech- 


diluted semen, using a 
nique. Split ejaculates of semen from two 


Holstein bulls of the Northern Illinois Breed- 
ing Co-op were diluted with the IVT diluent, 
so that each ml. contained approximately 25 


TABLE 1 
Comparative fertility of split ejaculates of two bulls when stored in the Illini Variable 

















Semen in IVT diluter at room temperature 


Temperature diluter (IVT) at room temperature and in 1:3 yolk-citrate diluter at 5° C. 


Semen in 1:3 yolk- 
citrate diluter at 5° C. 











28-39 60-90 60-90 
Age of Cows day day Cows day 
semen bred N.R.* N.R. bred N.R. 
(days) (No.) (%) (Ye) (No.) (%) 
1-2 21 81.0 81.0 469 72.0 
2-3 23 95.4 72.7 43 41.9 
3-4 23 91.3 78.3 15 40.0 
4-5 PO 75.0 70.0 2 0 
5-6 20 90.0 7TO0 6 0 
6-7 5 100.0 100.0 
Total 111 87.4 75.7 535 66.9 
$y bulls 
Ideal 55 85.5 70.9 338 63.1 
Jule 56 89.3 80.4 197 73.6 





* N.R. = nonreturn to service. 
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million sperm. One-ml. quantities of the diluted 
semen were sealed in glass ampules (2.2 ml. 
total capacity) and stored in the dark at room 
temperatures (65 to 80° F.). This semen was 
used to breed at least ten cows per day for 
the following five to six days. The procedure 
was repeated the following week, with a second 
technician making the inseminations with two 
additional semen samples from the same two 
bulls. The diluted semen taken to the field 
each day was kept in a polystyrene box to 
avoid sudden changes in temperature. 

The major portion of each split ejaculate 
was diluted with the commonly used yolk- 
citrate diluent (one part egg yolk, three parts 
of a 2.99 solution of sodium citrate dihydrate ; 
with three mg. sulfanilamide, 1,000 I.U. peni- 
cillin, and 1,000 yg. streptomyein/ml.), to con- 
tain not than 25 million sperm per ml. 
This portion of each ejaculate was cooled and 
stored at 5 accordance with standard 


less 


5° C. in 
practices and was used by all other technicians 
ot the Co-op for routine inseminations. 

Data from the preliminary field trial are 
summarized (Table 1). All of the cows bred 
with yvolk-citrate diluted semen and all but 
six of the 111 bred with semen in the 
IVT diluter were first-service cows. The record 
of each cow bred with the IVT diluter was 
checked carefully at the farm, to insure the 
validity of the return-to-service dates. The 
data show that the fertility of the IVT-diluted 
semen did not decrease during six to seven 
days’ storage at room temperature. In addition, 
the over-all nonreturn rate of 75.7% was nine 
per cent greater than the nonreturn rate for 
the same ejaculates in the routine yolk-citrate 
diluent stored at 5° C., even though the latter 
was only one to three days old when used. The 
improved fertility resulting from the use of 
the IVT diluter was evident with the ejaculates 
from both bulls. The number of cows returning 
to service after being bred with semen held at 
room temperature did not change more than 
expected between the 28- to 39-day check and 
the 60- to 90-day tabulation. Thus, there is 
no suggestion of a high embryonic death rate 
for that period. 

The above data demonstrate that bovine semen 
can be stored at room temperature for several 
days without loss of fertility. Continued studies 
have shown that reasonable care in processing 
and handling are essential if the sperm are to 
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withstand the rigors of this high temperature. 
A number of other factors affecting the sur- 
vival of sperm at room temperature are being 
investigated. 
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PLASMA 17-HYDROXYCORTICOSTEROID LEVELS IN A DAIRY COW 
AFTER INTRAVENOUS ADMINISTRATION OF HYDROCORTISONE! 


Considerable evidence suggests that the adre- 
no-cortical steroids are secreted as free, uncon- 
jugated steroids. Conjugation of the steroids 
occurs mostly in the liver and results in uri- 
nary (or fecal) metabolites with different phys- 
ical and chemical properties. Hechter et al. 
(5) used column and paper chromatographic 
methods to isolate both hydrocortisone and cor- 
ticosterone from the blood of cattle. 

Methods are available for the determination 
of both free (11, 17) and total (2, 6, 14, 18) 17- 
hydroxycorticosteroids (17-OH-CS) in human 
plasma, and Robertson and Mixner (15) have 
developed a method for the assay of free 
17-OH-CS in bovine plasma. 

The changes in plasma levels of 17-OH-CS 
after the administration of corticosteroids (or 
ACTH) have been used as a basis for judging 
the effects on steroid metabolism of epinephrine 
[Sandberg et al. (16)], ascorbic acid [ Bacchus 
(1) and Haynes and Sheid (/)], the liver 
| Klein et al. (7)], and the thyroid [Levin and 
Daughaday (8)]. In none of these studies were 
developed adequate mathematical expressions 
for the rate of disappearance of exogenous (or 
endogenous) corticosteroids from the plasma. 

Petersen and Wyngaarden (1/3) and Migeon 
et al. (9) injected 4-C-hydrocortisone into 
the blood of normal humans and followed the 
rate of disappearance of free steroid from the 
blood. A biological half-life of approximately 
80 minutes was reported in each instance using 
first-order rate regression principles. Peter- 
sen and Wyngaarden (13), in addition, used the 
chemical assay method of Silber and Porter 
(17) to follow the rate of disappearance of 
intravenously administered hydrocortisone free 
aleohol from the plasma of human subjects. 
The biological half-life using first-order rate 
regression principles averaged 115 minutes in 
1S normal subjects, ranged from 160 to 800 
minutes in eight eases having liver disorders 
of varying severity, and was of the order of 
60 minutes in two thyroxtoxicosis patients. 

This report presents the characteristics of 
the disappearance of hydrocortisone (free al- 
cohol) from the plasma of a dairy cow after 
rapid intravenous infusion using first-order 
rate regression principles. 


Materials and Methods 


A six-months pregnant, lactating, mature 
Holstein cow weighing 666 kg. was used in 
this trial. Four hundred mg. of hydrocortisone 


Paper of the Journal Series, New Jersey Agri 
cultural Experiment Station, Rutgers University, 
the State University of New Jersey, Department 
cf Dairy Industry, New Brunswick. This work 
wis supported in part by research grants from 
Swift and Company, Chicago, and Merck and Com- 
pany, Rahway, New Jersey. 


(free aleohol)* in a solution of 5% ethanol was 
infused rapidly into a jugular vein. Blood 
samples were collected from the jugular veins 
at varying intervals of time during one hour 
after the infusion. The time at the beginning 
and end of the infusion was noted, as were 
all blood collections, in order to ealeulate the 
mean infusion and blood collection times. 

Plasma free 17-OH-CS was determined by 
the method of Robertson and Mixner (15), 
which method has an extraction efficiency of 
81%. 


Results and Discussion 


Following the intravenous infusion of 400 
mg. of hydrocortisone, the level of plasma 
17-OH-CS fell rapidly during the first few 


TABLE 1 
Disappearance of 400 mg. of 17-hydroxycorticos- 
terone free alcohol from blood plasma of a cow 





Plasma 17-hydroxyeorticosteroids 





Assay 
values Adjusted 
adjusted values 
for minus Part of 


Actual efficiency prein- total dose 





Time after assay of jection present 
infusion values extraction values in plasma’ 
(min.) (H9.%) (ug.Co) (ug.%) % 
Preinjection 9.5 11.7 0 0 
2.32 204.4 252.3 240.6 15.26 
4.32 SS.4 109.1 97.4 6.18 
6.32 60.0 74.1 62.4 3.96 
8.82 47.9 59.1 47.4 3.01 
11.32 38.5 47.5 35.8 2.37 
16.90 36.5 45.1 33.4 2.12 
22.12 25.1 31.0 19.3 1.22 
27.45 19.2 23.7 12.0 0.76 
31.65 15.1 18.6 6.9 0.44 
36.70 13.9 Liz 5.9 0.35 
42.00 12.7 15.7 4.0 0.25 
52.00 11.4 14.1 2.4 O15 


jased on a plasma volume of 38.1 ml. per kg. 
of body wt., body wt. being 666 kg. 





minutes, after which the rate of fall was less 
rapid (Table 1 and Figure 1). The theoreti- 
cal concentration of 17-OH-CS in the plasma 
at zero time, based on a plasma volume of 
38.1 ml. per kg. of body weight, was 1,588.1 
pg. %. The distribution of hydrocortisone from 
the plasma into body fluids and tissues, plus 
its actual disappearance due to conjugation, 
catabolism, and excretion, may account for 
the initially rapid disappearance of the steroid. 
It will be seen (Table 1) that an estimated 
15.269 of the injected hydrocortisone free al- 


~ Generously supplied by Laurent Michaud, Morek 
and Co., Rahway, New Jersey. 
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17-OH-CS ,39.% 








i L re 

¥ 10 20 30 40 2 
MINUTES AFTER INFUSION 
Fig. 1. Actual plasma concentrations of 17-OH- 
CS after the rapid intravenous administration of 
400 mg. of hydrocortisone into a mature, lactating, 
pregnant Holstein cow. The dashed line repre- 

sents the preinjection level of 17-OH-CS. 


cohol remained in the plasma 2.32 minutes after 
the infusion. Migeon et al. (9) reported that 
from 15 to 20 minutes after the infusion of 4-C™ 
hydrocortisone, little radioactivity had been 
excreted into urine, bile, and feces, and that 
approximately 85% had moved from the blood 
stream into extracellular spaces or tissues. The 
slower rate of disappearance of the steroid 
which followed may be due to conjugation, 
catabolism, and exeretion after distribution 
was complete. 

Theoretically, the curve of disappearance of 
free 17-OH-CS from plasma follows the gen- 
eral equation, 17-OH-CS, pg.% = ae’ + 


a:e-”’*, where — b=slope (rate constant) of 
the curve of distribution of hydrocortisone into 
its volume of distribution, and — b’ = slope 


(rate constant) of the eurve of disposal of 
hydrocortisone [see O’Neal (12) for similar 
studies with dl-thyroxine and plasma protein- 
bound iodine]. In this instance, the rate of 
distribution of the steroid into the tissues and 
extracellular spaces was so rapid that the con- 
sideration of the mixing time of the steroid in 
the blood prevented obtaining adequate data 
upon which to base an analysis of the dis- 
tribution curve. A rough estimate of the biologi- 
eal half-time for the mixing of the hydrocorti- 
sone into its volume of distribution was 0.7- 
minute, 

The curve of disposal of hydrocortisone 
(Figure 2), presumably representing the con- 
jugation, catabolism, and exeretion of the 
steroid, has a slope of 0.077 and a biological 
half-life of nine minutes. The slope of the 
disposal eurve was ealeulated by the method 
of least squares, in which the time in minutes 
after the infusion was the X-variable and the 
natural logarithm of the 17-OH-CS value (cor- 
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rected for extraction efficiency) minus the pre- 
injection value (corrected for extraction effi- 
ciency) was the Y-variable (Table 1). The co- 
efficient of correlation between the pair of varia- 
ables was — 0.99. 

The volume of distribution of hydrocortisone 
may be calculated from the following equa- 
tion: V.D., ml. = amount of hydrocortisone 
infused, pg. /a: +100 in which a: = concen- 
tration of 17-OH-CS (102.85 pg. %) of the 
disposal regression curve (Figure 2) at zero- 
time. The volume of distribution was calculated 
to be 388,916 ml., or 58.4% of body weight. 
The caleulation of a volume of distribution 
of the steroid would seem to be valid only if 
the steroid was rapidly infused, as was done 
in this study, giving an accurately timed 
“zero”-point. 

The biological half-life of hydrocortisone 
in the cow (nine minutes) obtained in this 
study was much shorter than the half-life of 
115 minutes in the human subjects, reported 
by Petersen and Wyngaarden (13). This may 
be related to a possible difference in the pri- 
mary mode of exeretion of certain steroids in 
the two species, which is largely via the urine 
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Fig. 2. Analysis of the curve of disappearance 
of 17-OH-CS from blood plasma after the rapid 
intravenous injection of 400 mg. of hydrocorti- 
sone free alcohol. Curve A is a semilogarithmic 
plot of the data in Figure 1, adjusted for the 
efficiency of extraction and minus the preinjection 
level of 17-OH-CS in the plasma (Table 1). The 
dashed portion of this eurve is an extension to 
the theoretical level of 17-OH-CS at zero time. 
Curve B represents the rate of disappearance of 
free 17-OH-CS from plasma, due to catabolism and 
excretion, with a slope of 0.0769 and a biological 
half-life of 9.01 minutes. 
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in the human [Petersen and Wyngaarden (13) | 
and is possibly via the feces in eattle [Miller 
et al. (10) and Casady et al. (3)]. 

Results of Petersen and Wyngaarden’s (13) 
work with humans, and the present report 
with cattle, indicate that the biological halt- 
life and the slope (rate constant) of the dis- 
appearance of free hydrocortisone from plasma 
would be useful measures of steroid metabolism. 


Summary 


First-order rate regression principles were 
used to characterize the rate of disappearance 
ot hydrocortisone free aleohol from the blood 
plasma of a dairy cow. Four hundred mg. of 
hydrocortisone were infused rapidly and intra- 
venously into a mature, lactating, Holstein 
cow during the sixth month of pregnancy. The 
disappearance of the free steroid from the 
blood plasma had two phases, the first a rapid 
disappearance with an extremely short half- 
life (estimated at about 0.7-minute) and the 
second, slower disappearance with a_ slope 
(rate constant) of 0.0769 and a biological half- 
life of 9.01 minutes. Presumably, the _ first 
phase represented the rapid distribution of the 
steroid into the body fluids and tissues, and 
the second phase represented the metabolism 
and excretion of the steroid. A volume of dis- 
tribution of 58.4% of body weight was e¢al- 
culated for this steroid. 
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ON MAINTENANCE OF THE CORPORA LUTEA OF THE BOVINE 
WITH LACTOGEN 


A number of investigators have reported a 
luteotrophic function of lactogen in the rat. 
(For review of earlier, related work consult 
Reference 4.) Moore and Nalbandoyv (4) pre- 


sent evidence to indicate that lactogen has 
luteotrophie activity in the ewe. However, 


Bradbury et al. (2) and Hisaw (3) failed to 
maintain corpora lutea of women or monkeys 
with lactogen. This study was undertaken to 
ascertain the effects of lactogen in maintenance 
of corpora lutea of intact eattle. 

Animals used in this experiment were Guern- 
sey or Holstein heifers, 15 to 22 months of age. 
Usually, each heifer was observed for several 
estrous periods, to determine the regularity of 
the eycle before treatment with lactogen. The 
lactogen preparations used in four of the trials 
were prepared by one of us (W. H. Me.), ae- 
cording to the method of Bates (1). The amount 
of hormone in these preparations is expressed 
as gm. equivalent. This represents the gm. 
of original acetone desiccated dry powder of 
whole pituitary (sheep) from which the hor- 
mone was extracted. A commercial lactogen 
preparation was used for five trials." Daily 
subeutaneous injections of the preparations 
were made beginning three to 17 elapsed days 
after the beginning of estrus. The dose of hor- 
mone injected was four to eight gm. eq. and 
300 to 1,800 I. U. Rectal examinations were 
made at four-day intervals, to determine the 
size and status of ovarian structures. 


*The commercial lactogen was supplied by Irby 
sunding, Armour Laboratories, Chicago. 


Results are presented (Table 1). All heifers 
returned to estrus within a range of 19 to 26 
days while being injected with lactogen, and 
no prolongation from treatment was indicated 
on those for which the previous estrous cycle 


length was known. Rectal palpations indi- 
cated that the corpora lutea regressed and 
follicles developed as would be expected. (In 


one heifer, 211-G, the follicle ruptured while 
being palpated early in estrus). Lactogen does 
not appear to have a luteotrophie action in the 
intact bovine, with the dosages administered 
beginning at different times in the estrous cycle. 


VearL R. Smita 

W. H. McSHan 

L. E. Casipa 

Departments of Dairy Husbandry, 

Zoology, and Genetics 

University of Wisconsin 
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TABLE 1 


Effect of lactogen on maintenance of the corpus luteum 








Amount of Day of Length of Length 

Lactogenic hormone eyele ‘*treatment’’ previous 

Animal hormone injected injections estrous estrous 

No. preparation daily began eyele eycle 
553H 122 4 gm. eq. 9 26 ——- 
552H 50-53 8 gm. eq. 9 19 — 
50-53 

552H . 122 8 gm. eq. 9 21 19 
564H 133 300 I. U. 9 22 21 
195G 759-014-A 600 I. U. 3 24 22 
199G 759-014-A 600 I. U. 4 20 20 
678H P10011 900 I.U. 3 20 21 
211G P10011 1,800 I. U. 17 22° 22 
49H P10011 1,800 I. U. nig 23 22 





*An 18-mm. follicle, with papilla, ruptured with moderate pressure early in estrus. 
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PRELIMINARY OBSERVATIONS ON THE EFFECT OF SLIGHT 
PROTEOLYSIS OF FLUID MILK ON WETTABILITY OF 
THE RESULTING DRIED MILK'! 


In 1898 Bachaus (2) described a procedure 
for the production of soft curd milk, which 
involved treatment of the milk with proteolytic 
enzymes. Conquest et al. (3) and others (7 
10) have also earried out further work in this 
connection. 

Tarassuk and Nury (1/1) subjected evapor- 
ated milk to a limited enzymatic proteolysis and 
observed a marked increase in the viscosity of 
the milk after subsequent sterilization. The 
increase in the viscosity was found to be directly 
related to the lowering of the stability of the 
milk towards heat. 

Several workers have shown that mild treat- 
ment of milk with proteolytic enzymes betore 
pasteurization gives some protection against 
the development of oxidized flavors (1, 4, 5). 

This paper reports the results of preliminary 
experiments on the effects of treating fluid 
milk with proteolytic enzymes, prior to drying, 
on the wettability of whole milk powder. 

The fat content of freshly drawn milk (3.8% 
milkfat) was adjusted to 3.3% with skimmilk. 
Three 500-ml. portions of this milk were treated 
with Rhozyme P11 (Rhom and Haas) under 
the following conditions: The temperatures of 
samples 1, 2, and 3 were adjusted to 60° C., 
65° C., and 70° C., respectively, before the addi- 
tion of the enzyme (0.17 g; 1% of milk protein). 
The temperatures were then increased at the 
rate of one degree per minute until a tempera- 
ture of 75° C. was reached. This temperature 
was maintained for 15 minutes. A fourth sam- 
ple, which served as a control, was heated to 
60° C., and the temperature was raised to 75° 
C. at the rate of one degree per minute and was 
maintained at this temperature for 15 minutes 
before cooling. 

The viscosity of the four samples did not 
ditfer appreciably. A taste panel (9) showed 
a slight preference for the milk that had been 
treated at 60°C. (Sample 1). This prefer- 


‘Contribution from the Faculty of Agriculture, 
MeGill University, Macdonald College, Que., 
Canada. Journal Series No. 306, 


ence indicated that Sample 1 had a more eream- 
like flavor. The tyrosine values (6, 10) ex- 
pressed as milligrams tyrosine per liter were 
as follows: control, 24; Sample 1, 54; Sample 
2, 46; Sample 3, 32. 

One hundred pounds of milk was divided 
into two equal portions. One was heated to 
60° C., Rhozyme P11 (7.94 @.) was added to 
one 50-lb. portion (treated milk) and no en- 
zyme was added to the other portion. The milk 
was heated by the same procedure as_ that 
followed with Sample 1 of the previous experi- 
ment. After the heating period, the milk was 
cooled to 60° C. and was homogenized at 2,300 
lb. pressure, before condensing it in a vacuum 
pan to approximately 36° solids. 

The milk was dried in a laboratory-tvpe, Niro 
Spray Drier operated under the following ¢on- 
ditions: air pressure on the atomizer 6.0-6.5 
kg em’; inlet air temperature, 190°-200° C.; 
outlet temperature, 85°-95° C. Table 1 shows 
the moisture content (8), the solubility index 
(ADMLI), the tyrosine value, and the taste rat- 
ing of the two samples. 

The following procedure was used to check 
the wettability ot the two samples: 10 ¢. of 
milk powder was placed on the surface of 
water at 25° C. in a 250-ml. eylinder. Photo- 
graphs were taken immediately after the addi- 
tion of the powder (Figure la), 30 minutes 
after the addition (Figure 1b), and 1 hour 
after the addition (Figure le). The photo- 
graphs show that the treated sample was ap- 
preciably more wettable than the untreated 
sample. 

The results of this experiment were con- 
firmed in detail by complete repetition of the 
work on two other occasions. 

The results of this investigation show that 
the wettability of milk powder may be im- 
proved by treatment of the milk, prior to dry- 
ing, with proteolytic enzymes. The mild en- 
zyme treatment would affect primarily the 
surface of the protein molecule (10). Such 
changes in the surface of the molecule would 
be likely to alter its hydrophilic properties, and 


TABLE 1 


Moisture Solubility 





The cffects of enzyme treatinent on the properties of whole milk powder 


Taste 
criticism 


Tyrosine value 
(Mg. Tyrosine 








Dried milk content index (ADMIT) liter) 
Treated 23 0.4 mi. 55 l. Less chalky — tasting 
and more creamy than 
, untreated sample 
Untreated 2.0 0.3 mi. 23 2. Taste indistinguishable 


from that of freshly 
prepared, commercial 
whole milk powder 
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(a) Immediately 


(b) 
Fig. 1. 


30 minutes 


The effect of enzymic treatment on the wettability of whole milk powder. 


(ec) One hour 


The 


cylinder on the left in each photograph contains the untreated sample, and the one ou the 


right, the treated sample. 


the present observations suggest that, of these 
properties, the wettability is appreciable and 
advantageously modified. 


ACKNOWLEDGMENTS 


The authors wish to thank the Quebee Re- 
search Council and the Department of National 
Defense for research grants which have de- 
fraved part of the expense of this investiga- 
tion. One of the authors (J.P.J.) wishes to 
thank the Granby Co-op., P. Q., for a fellow- 
ship. 


J. P. Junien 

Dairy School, St. Hyacinthe, 

P. Q., Canada 

AND 

B. E. BAKER 

Department of Agricultural Chemistry, 

Macdonald College, P. Q., Canada 

REFERENCES 

(1) ANpERSON, E. O. Preventing Development 
of Oxidized Flavour in Milk. Milk Dealer, 
29, 3: 32. 1939. 

(2) BacHaus, ALEXANDER. Preparing Cow’s 
Milk for Infants. U. S. Patent 597, 378, 
Jan. 18, 1898. 


(3) Conquest, V., TURNER, A. W., AND REy- 
notps, H. J. Soft Curd Milk Produced 
with Pancreatic Concentrate. J. Dairy 


Sci., 21: 361. 1938. 


t- 


(9) 


(10) 


(11) 


CorBETT, W. J.. AND Tracy, P. H. Experi- 
ments on the Use of Certain Antioxi- 
dants for Control of Oxidizing Flavor in 
Dairy Products. Food Research, 6: 445. 


1941. 
ForsTER, T. L., JENSEN, C., AND PLATHE, 
EmILy. Influence of Protein Hydrolysis 


on the Susceptibility of Milk to Oxidized 
Flavor Development. J. Dairy Sci., 36: 
98. 1953. 

Huut, M. E. Studies on 
Colorimetric Determination of the Par- 
tial Hydrolysis of the Proteins in Milk. 
J. Dairy Sci., 30: 881. 1947. 

KeiL, H. L., anp Rounpy, Z. D. Studies 
on Milk Proteins. I. Conditioning of 
Milk Proteins with Pancreatie Enzymes. 
J. Dairy Sci., 30: 877. 1947. 

MARTIN, G., AND JULIEN, J. P. 
tion Rapide de l’Humidité dans la 
Poudre de Lait au Moyen des Rayons 
Infrarouges. Le Québec Laitier, 13, 3: 
14. 1954. 

Murray, T. K., AND BAKER, B. E. 
on Protein Hydrolysis. I. 
Observations on the 


Milk Proteins. IT. 


Détermina- 


Studies 
Preliminary 
Taste of Enzymie 


Protein-Hydrolysates. J. Sci. Food and 
Agriculture, 3: 470. 1952. 
Storrs, A. B. Studies on Milk Proteins. 


III. The Modification of Milk by Pan- 
creatice Enzymes. J. Dairy Sci., 30: 885. 
1947. 

TARASSUK, N. P., anp Nury, M. S. 
of Incipient Enzymatie 
the Viscosity and Heat 
Evaporated Milk. J. 


857. 1952. 


Effect 
Proteolysis on 

Stability of 
Dairy Sei., 35: 





446 JOURNAL OF 





DAIRY SCIENCE 


A SPECTROGRAPHIC ANALYSIS OF TWO PROTEIN FRACTIONS OF 
THE FAT-GLOBULE MEMBRANE OF NORMAL COW’S MILK 


The most closely associated protein mate- 
rials of the fat-globule membrane of normal 
cow’s milk have been separated into two frae- 
tions, based upon their solubility in a 0.02-M 
sodium chloride solution, subsequent to an 
ethanol-ethyl ether treatment (3). The ash 
content of the soluble and insoluble fractions, 
following exhaustive dialysis against running 
tap-water and four changes of distilled water 
over a period of 72 to 96 hours, was 7.06 and 
2.08, respectively. These values are consid- 
erably higher than corresponding values for 
other milk proteins. Distribution of minerals 
between the two protein fractions becomes 
of academic interest, in view of our observa- 
tions associating the alkaline phosphomonoes- 
terases with the soluble protein fraction, and 
xanthine oxidase with the insoluble fraction 
(3). The ash from these proteins presented 
an excellent opportunity for a spectrographic 
analysis of their constituent elements. 


TABLE 1 
Spectrographic analysis of the ash of the 
fat-globule membrane proteins 








Total 
mem- 
Insol- brane- 
Soluble” uble” protein 
Element* fraction fraction material 
Aluminum Trace Trace Trace 
Caleium (% ) 0.603 0.319 0.444 
Copper (p.p.m.) 132 82 104 
Iron (p.p.m.) 91 510 326 
Magnesium (%) 0.548 0.227 0.368 
Manganese (p.p.m.) 11 11 11 
Molybdenum(p.p.m.) 5 125 72 
Phosphorus (%) 0.416 0.289 0.344 
Silver Trace Trace Trace 
Zine (p.p.m.) 17 22 20 





‘Concentration estimated on basis of anhydrous 
protein. 

" Based upon solubility in 0.02-M NaCl solution. 

*Caleulated on distribution of 44% soluble and 
56¢¢ insoluble. 


The residual ash of the protein samples was 
dissolved in four milliliters of 1:1 HCl. One 
milliliter of cobalt chloride solution was added 
to the solution as an internal standard. Ali- 
quots of these solutions were dried on carbon 
electrodes and the residues excited in an a.e. 
spark with a Hilger large-prism spectrograph 
for the elements reported, with the exception 
of zine, which was excited in a d.c. are. The 
spectrographic plates were evaluated with a 
Jarrell-Ash microphotometer, using fruit tree— 
leaf standards for all elements except molyb- 
denum, for which a standard was prepared 
especially. 

Qualitative and approximate quantitative 
data for the elements detected are presented 
(Table 1). Where comparisons are possible, 
the fat-globule membrane-—protein fractions 
contain mineral elements in higher concen- 
tration than reported for whole milk (71, 2). 
These observations suggest that many of the 
trace elements reported in whole milk are 
concentrated on the fat-globule membrane, 
possibly as constituent elements of various 
enzymes or metabolic complexes. 


C. T. HERALD 
AND 
J. R. BRUNNER 
Department of Dairy 
AND 
S. T. Bass 
Department of Agricultural Chemistry 
Michigan Agricultural Experiment 
Station, East Lansing 


REFERENCES 

(1) Dineve, H., AND SHELDON, J. H. Biochem. 
J., 32: 1078 (1938). 

(2) GeHRKE, C. W., BAKer, J. M., AFFSPRUNG, 
H. E., AND PiIcKETT, E. E. J. Dairy Sci., 
37: 643 (1954). 

(3) Heraup, C. T., AND BRUNNER, J. R. J. Dairy 
Sci., 39: 909 (1956). 

















] 


at 














Where Nestle’s 


Lab Work Ends 
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laboratory end. And that end 
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Bacto-Dehydrated Media 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition of 
specified increasing amounts of the vitamin or amino acid 
being assayed to obtain a growth response which may be 
measured by acidimetric or turbidimetric methods for the con- 
struction of standard curves. The vitamin or amino acid con- 
tent of the material under assay is determined by adding 
appropriate concentrations of the test substance to the basal 
medium and comparing the growth response obtained with 
that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM 
BACTO-Bi2g ASSAY MEDIUM USP BACTO-METHIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN Bj2 AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 


BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
BACTO-CYSTINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The Ieliowing media have been developed 
especially for carrying stock cultures and for preparation of 
the inoculum: 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-B;2 CULTURE AGAR USP 
BACTO-MICRO INOCULUM BROTH BACTO-B;2 INOCULUM BROTH USP 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO AciDs, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature available upon request 
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